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Wloxraagn AkagemMun Hayk CCCP 
1961. Tom 139, Ne 2 


MATEMATHKA 


tO. E. AJIEHHUbIH 


Ob. OBJIACTAX H3MEHEHUS CHCTEM KOI®O®HILHEHTOB 
®YHKUMN, NPERCTABAMbIX CYMMOM MHTEFPAJIOB 
CTHJIbTBECA 


(IIpedcmaeaeHo akademuxom B. H. Cmupnoeoim 13 III 1961) 


B paGote ucculeqyroTca O6acTH U3MeHeHHA MpOH3BOJIbHBIX KOHEYHbIX CHCTEM 
KOSPDHUMEHTOB pa3sloKeHHH B px JlopaHa dyHKWMH, WpeCTaBHMBIX B 
KOHEYHOCBASHOH KPyroBOH OOacTH CyMMOH HHTerpasoB CrTuibTbeca H, B YacT- 
HOCTH, (PYHKUHH, THIMM4HO BeleCTBeHHEIX B Kpyre MH B KPyroBOM KouIbile. Ha- 
pay c TeopeMaMy oOOulero XapakTepa, MOJyYeHbI HEKOTOpPble KOHKpPeTHble pe- 
3yJIbTaTbl. B uwactTHocTH, HalifeHa oO/lacTb M3MeHeHHA CHCTeMbI {/ (20), C2}, 
rye Z — duKCHpoBaHHad TOUKa equnuuHOrO Kpyra LE, af (2) = 2 +c227+... 
poOeraeT KJlacc PyHKWHH, THMWUHO BellleCTBeHHEIX B EL. 

§ 1. Ilyctb G ecTb KoHeuHOCBA3HaA KpyroBad OONAaCTb MIOCKOCTH 2, WA 


IipocTtoTbl orpaHwuennaa, u F — xmacc Bcex dyHkuun / (Z), MpeycCTaBHMbIX B 
iit @ 


G gopmyson f(z) = > \ ge (z, t) du, (A, THe ge (Z, ) —ukKcupoBaHHble 1A 
k=1 a 
Kulacca F d@yHKWHH, peryiapuble B G no Zz, HempeppiBuLe Ha [a, b] not u paBHo- 
MepHO OrpaHWyeHHble BHyTpH G asa Bcex t E[a, DB], a pe (t) — mobile HeyOnl- 
b 


Bajoulwe Ha [a,b] dynKuuu c \ dive (Ray Ad PS ie che alle 


a 

Ilyctb 3amanbl soOble pa3muunble Mexkmy coOoH TouKH z,, v=1,..., 8, 
Kaxk]aA H3 KOTOPbIX ABJAeTCH WIM TOUKOM OOMacTH G WM WeEHTpOM OHO U3 
OKpy2XHOCTeH, OrpaHvunBarollux sTy ObslacTb. Tora Kaxgaa dynKkunsa f (2) 
Kaacca F vw *byHKuHH gy (2,1), R= 1,..., m, packsafplBaloTcA B PAI NO 
CTeMeHAM Z — Z, B KaXKJOM Kpyre HM KpyrOBOM KOJIblle C I€HTPOM B TOUKe 2,, 
Jexauem BG, v=1,..., s. Ilyctb qua qanHon dyukunu / (2) Knacca F 
H QWia pyHKuun g, (Zz, t) STH pasIOKeHUA B OLHOM M3 yKa3aHHbIX NMoMoONacTeli G 


OynyT 
Go = SG CEA Weis eek at! (1) 


n=—oo 


co 
mee as nf) (2— 2)", .V = 1, on SR Se dings. 5 tt CE, Ol, 
i=—oo 
Bul6epem u3 BCel COBOKyNHOCTH KospulHeHTOB pasioxenut (1) VN (N > 1) 
JHOObIX KOSPPHIUMEHTOB, pacnosOKHM HX B (UKCHPOBaHHOM MopsxAKe UH, 3a- 
MHCaB MOJyYeHHy!IO CHCTeMy KOS@DPHUMeEHTOB B Be 


Cle (2) 


paccMoTpHM ee Kak Touky P = & [f] = {Ci,..., Cw} N-Mepnoro kKommseKc- 
HOrO Mpoctpauctsa * A£y. B Ay om penenenbl uw TOUKH P = / g,(z, 2], 


* Secb H Jaslee HMeIOTCA B BHAY SBKAHZOBLI MpocTpaHcTsa. 
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KOTOPpBIe 3alvHilieM B BHIe 
(AMD, oo AW NT ein aa) er HLM Ge Cone 


O6OmacTbiOo H3MeHEHHA cucTemb (2) KooppuunHeHTOB PyHKUMH 
Kmacca F Ha30BemM MHoxecTBo @ (F) Touek P = § [f] mpoctpanctBa Z#y, 
Mlosly4aemoe Ip yCOBHH, YTO TOUKH zy, V = 1, ... , 8, PHKCHpOBaHBI, a PyHK- 
una f mpoGeraeT Becb kmace F. OyHKuHH, peavu3yroulue B Kslacce F rpaHud- 
HbIe TOUKH OGsacTH é(F), oe Ha3bIBaTbr paHHYHEIMH PYHKIUA AMM 9TOU 


o6mactu. Uepes M = 5 M, O603HauHM TeOMeTpHyecKylO CYMMY MHO2KeCTB 
k=1 

M,,..., M; mpocrpauctBa £y, vepes # (U), rae U ectb mo6oe 3aMKHyTOe 

orpannuenoe MHO?KeCTBO B AN, — BbIMyKsyIo OGomouKy MHOxecTBa U. Ilo- 

JIOXKUM 


U; = UP le (z, 2)] ee LAM (2) hon eA (DA eee eT 


Teopema l. é(F)=a(™) Tye 

k=1 . 

Jloxa3aTesbcTBO IpOBOJMTCA MCHOb30BaHHeM TIpocTeHWWMX pe3syJbTaTOB 
YEOPHU BBIMYKJIbIX Ted. 


§ 2. Ilyctb T ecTb kslacc Bcex dyHkuHH Buga f (2) = z + Sone", pe- 
n=2 
TYJAPHBIX HM THIMMYHO BeUeCTBEHHBIX B Kpyre | Z\< 1, T. €. yROBAeTBOPATOMUX 
B HeM ycmoBuio Im z-Im f(z) > 0 npu Im z= 0. Ilyctb 3afanbi Wesble aucua 
mm, ..., My, WA KOTOpHIX 2 < mi <<... < my, N > 1. Toso py (ft) = 
== Siti’ O/stie od, t == cosk0s fi = ee : 

Teopema 2. O6anacmb usmenenun ¢ (T) cucmembl {Cm,,... , Cmy} 
= {X%,..., Xn} Kosdquyuenmoe Mynkuyut Kaacca T ecmb Hatimenoiluee 6bl- 
nykaoe meno N-meproeo eeusecmeenHoed npocmpancmea, codeporaujee Oyey xX, = 
= Pm; (t), ~=1,...,N, —l<t<l. Tpaxustnomu dynkyuamu mena 
(é (T) seastomca moaoko Mynkuuu euda 


ll 


= oie — 2t, = 


2de I< px ze 
, , fel 
Ay. >.0; » 4; = 1 wu ede bepxHaa epanuua OAA p He moocem OblmMb 3ameHeHa 
=] 
menouteil. 

C MOMOMIbIO STOL TeOpeMbI HETPYAHO HaliTH OONaCTH H3MeCHCHHA HEKOTOPHIX 
CHCTeM M3 JIByX Kosppuuventos Maksopena dbyHKUMH Ksacca 7, TOUHBIe OIeH- 
KH KaxKMOrO 3 STHX JBYX KOSPPHUMeEHTOB B 3aBMCMMOCTH OT jIpyroro H BCce 
SKCTpeMaJIbHble (YHKUMH STHX OM€HOK. OTMeTHM, 4TO BOTIpoc 06 OONacTH H3- 
MeHCHHA CHCTeEM KOS*PHUHEHTOB Bua {C2,C3,...,CN+1} B Kéacce T Obi 
MOJIHOCTbIO pelleH PoroswHcKuM (*). 

PaccMoTpHM WI Kslacca T oOOnacTb H3MeHeHHA cucTembI {f (20), C2}, rye 
zo, 0 < | 2 |< 1, duxcupoBano. Oty cuctemy OyylemM paccMaTpHBaTb KaK TOU- 
Ky {w, x3} = Tx, X2, X3} TPpeXMepHOro BeleCTBEHHOTO MpocTpaHcTBa, rye 
20) == @ae=— va + ixXe, Co = Xs. 

Teopema3. pu Imz-=0 o6szacmo usamenenua 6 (T) cucmemot 
{7 (20), c2} @ Kaacce T ecmb meno mpexmepnoeo BeecmeeHHoed npocmpancmea, 
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ie C/G Hl fl yey ancl are Be; tj se ty npu i#s; 


(O2panudenHoe O6YMA KOHUMECKUMU nobepxXHOCMAMU: 


QW aay Im {zy ++ | = #2) Im tae} (w = x, + ix,). 
Upisimiz =O" & (T) ee nAOcKasA Sg vepaHudenHant Oyeow et- 
Z 4 1 5 
nepOolbt x3 = Zo ee 5 he sar so Mt Saaz) Ceara te xopdoti, cmsAeuéato- 


weu ee KOHUOlL. 
Kastdot epanuinott mouxe {w, c2} meaa & (T) coomeemcmeyem eduncmeeHnan 


Zz 
+ (1 —A) gore Smee 20e 3HaveHUA 


| 2panuanaa pyncyua f(z) =) | = ; 
hu t o6pasyiom npunadaeocatuee ob2zacmu 0 SAK 1, —1<t<1 pewexue 
cucmnembl ypasHeHnul: 


ra ce 
, ——"— — ) — es He, 62204 2(1—-AStR 
eee) (=a fone 
u ede eepxHue 3HAKU coomeemcmeyrom mouke BepxHell, a HUMCHUe — mouKe 
HUMCHeN epanu4dnoll nocepxHocmu. 

ITpu \m 2 =0 kaodotti mouxe {x1, c2} Oyeu eunepborol, O2epanu4uéearowuett 


o6aacme &€ (T), coomeemcmeyem eduncmeenHaa epakuanan qynkuyusn f (2) = 
= ———*____ a moue, cmazucaroueii ee xopdet — pynkuyusn f (2) = cM a 
1 — coz + 2? y 4 I ’ U | { (4 — 22)? 


loka3aTebcTBO TEOPeMbI OCHOBAHO Ha IIpoBepke Toro, 4TO BbINyKJaa O60- 
0 
ee A oa Pm 
{— 2iz, + 2? xs = 2t, —1<t< 1, ects Teno, orpann- 
yeHHOe JBYMA KOHHYeCKHMH MOBepXHOCTAMH, HallpaBJIAIOMleH KOTOPBIX ABJIAeT- 
CA 9Ta Wyra, a BeplIMHaMH — ee KOHIILDI. 
O6o3HauuM uepes T (c2) MoaKmacc Bcex dbyHKuHH f (Z) = z +o +... 


us T c @uKCHpOBaHHBIM KO3*pPHIUMeHTOM C2. 
CaeactBue. Ilycmo € (T (c2)) ecmo o6aacmo usmenenun f (2) npu 


ycaosuu, umo 2, 0 <j 2| <1, guKcupoeano, a dynkyun f(z) npobeeaem 
Kaacc T (ce). pu Im z = 0 o6nacme E(T (c2)) ecme Kpy20eant AYHOUKA, Ae- 


JOUKa Ayrh w = 


AWWA 6 Kpyee | w goa al Uu OepanudenHan Oé6ymMA OKpYyocHOcmaAmuU *: 
fons ee 
c = (18 asap = tint laeal) am {2 + asf 
ITpu Im z, = 0 o6nacme &(T (c2)) ecmb ompes0K eewwecméenHou Ocu, coe- 
Ounsrowutl mouKu 79 ~ u Zo (1 + Cato + 20) 
1 — coz) + 22 (1 — 22)? 
§ 3. Ilyctb 7, ecTb Kaacc Bcex pyHKuMi Buga f(z) = yi Cpe", pery= 


nh=— oo 
JIAPHbIX WH THMMGHO BeLLeCTBeHHbIX B KOsIbIle g << |z| < 1, q > 0, T. e. yaoB- 
JeTBOPAIOULHX B HeM ycuoBuio Im z-Im f(z) > 0 npu Im z=-0. Odo3Hauum 
yepes T, (c_1, ci) Mo~Kmacc dyHKuNl u3 7, c (PUKCHpOBaHHBIMK KosppuuHeHTa- 


co oy 
m Gigaie : 

MH c,4 C1. Ilonoxu Zt) == H paCCMOTPHM 

‘i (2) pa 1 ogee : 

v=—O0O 

i sin n§ 
NOJIMHOMBI =p, (t) = ue f= cos 8, ana moonx m= a l,a 2, 
Tlyctb sagan m06zle, BeBe 0 TOu+1, wenbe uncna m,..., My, WIA 
MOTODE =<... < Inv, N > | 


* BepXHHe 3HaKH COOTBETCTBYIOT OJHOH H3 OKPyXHOCTel, HHKHHE — Apyroi. 
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Teopema 4. O6aacmo @ usmeneHud cucmembl {Cm,,~.~- +5 Cmy} = 


={x1,..., Xv} Kosppuyuenmoe dynkuyutt Kaacca Ty (c_; , C1) ecmb éoinyKAaA 

oboAouKA 2eomempu4eckoll cymmol Osyx Oye N-mepHoeo BelMecmeeHHoed npocmpan- 

Pm, (4) 

cmea: x; = (C1 —C_4) a Ae a Ol GG OS 9) 
4—qe 


gt Pm, () 
Be ey hl ii MES eS 


may Sf a aay eae 
x, = (cige cage.) 1 — git 


TIpu |\m\;4=|my| Ona fj epanusnemu dyxkyuamu oobsacmu 6 
ABASOMCA MOAbKO ynKuyuU Buda 


D1 D2 : 
f(z) = (cr —e.1) St Mf? Sq (2, HH) —(ag — G1 G3) DY APS, (Ge, t)) + 66, 
j=1 


ja 


Pr 
0 AF | ; m= max (||, |my |); 45? > OSS AW) — 1; 
j=1 


fPS(—1 1], YP ey? daa jj’, k= 1,2, 


Cy — 6eLUECINGEHHAA NOCMOAHHAA U 20e BePXHAA epanuuya OAA Pp He modem OvlMb 
3aMeHeHa MeHoluet. 

OTMeTHM, 4TO OOJIaCTb 6, PaCCMOTPpeHHas B 9TOM TeopeMe, He BCerya ABJIA- 
eTCA TeJIOM B V-MepHOM BellleCTBeEHHOM MpOcTpaHCTBe HM 4TO IPH HEBBINIOJIHEHHH 
yenopua |m;| + |m, |, j- jf’, rpanwunbimu dyHKuMAMM oOmacTH 6 He 
BCera ABJIAIOTCA TOJIbKO (PYHKILMHM yKa3aHHOTO B TeopeMe BHIa. 

Teopema 4 nNo3BouIseT HaHTH OOJaCTH H3Me€HCHHA HEKOTOPHIX MpocTeHiHx 
CHCTeM KOS*PHUMEHTOB PyHKWHH Kacca T, (C_1, ci) H, B YaCTHOCTH, OONACTB 
H3Me€H€HHA CHCTEMbI {C_y, Cn} C THOObIM nN > 2. STO aeT ycusIeHHe H3BECTHbIX 
(?) oueHok KosdunnenToB dyHKuNi Kmacca Ty (C4, C1). 


JleHHHTpagcKoe oTfeseHHe Tlocrymuso 
Matematuueckoro HHcTHTyTa uM. B. A. CrTekiloBa 2) WEE Sie 
AxkaylemMHH HaykK CCCP 


HWMTHPOBAHHAA JIATEPATYPA 


1W. Rogosinski, Math. Zs., 35, H. 1 (1932). 2 Y. Komatu, Kodai Math. 
Sem. Rep., 9, Ne 1 (1957). 
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Wornagn Axkagzemun nayr CCCP 
1961. Tom 139, Ne 2 


MATEMATHKA 


r. B. APKAHOB 


PASPEMIMMOCTb OAHOTO THNA HEJIMHEAHOM KPAEBOU 
| SANAUH 


(ITpedcmaeaeno axademuxom II. 1. Kouuxot 10 III 1961) 


Mpl pactipoctpaHuM pe3yJbTaTbl (°) Ha ca1yyal Gomee oGmlei 3agqauu (1). 

1. Ilyets L — npoctoh raaqkuii 3aMKHYTbIHi KOHTYp B MJIOCKOCTH KOM- 
MIJIEKCHOFO MepeMeHHOLO, OXBATHIBAIOWLHH Hayao KoopyHHaT; Dt un D-— coor- 
BeETCTBCHHO BHYTPpeHHAA WH BHELWHAA OOacTH, Ha KoTOpble L pa30uBaeT Mu0c- 
xoctb; H (a, VN) — mHoxecTBo dyHKUHH, ompeseneHHpIx Ha L u yOBJeTBO- 
paiolux ycnopuio Tenpnepa: |@ (41) —@ (fe) |< N| tt —fte\*, hh, EL, 
0<a< 1; W*+(W-) — mpoctpanctso ananutTuyeckux B D+ (D-) u HenpeppiB- 
HBIX B D+ (D-) dyHKuui c Hopmon {i@* (z) || = ae bh pr(z)) = we lot (0); 


COOTBETCTBEHHO ||P (2) || = max |p (z) || = mas ie (2)i\- 


TloctaHoBpka 3ayauu: Be Sere HaHTH ype dyHkuHH +t (z)¢ Wtu 
@M- (z)€ W-, npenenbuble 3HaYeHHA KOTOPLIX YOBMeTBOpsIOT Ha L CoOTHO- 
IIIeHH10 


[DMs eh @).O* ()) = G4 O.O- (), (1) 


Tie n >2—venoe uucno, G(t) € H (a, N) u Bewsy oTmMyHO OT HYJA; 
A(t, u) — byHkuun, ompefenenHoan gna tEL, u u = qt (z) € Wt. 

Mbt He OyeM paccMaTpuBaTb 3aa4uy B TaKOH OOULeli NOCTAaHOBKe, a MoTpe- 
Oyem, 4To6p f(t, uw) yYHOBMeTBOpAIa HEKOTOPbIM JOMOJHHTEIbHBIM YCJIOBMAM, 
-KOTOPbI€ MbI CBeJeM B JBe Ipylilibl. 


a) jA(t,w)|< M(l + |u\"*), &>0; 


©) | h (ts us) —h (to, ua) |< M [(l + ur) | — halt + (2) 
+ (1 ut) | uy — up|], w= max (|u|, | 42); 
B) h(t, pt (2) € Wt no z, ¢ — Mapametp; 
r) |h (t1, wi) — h (hh, ue) — hi (te, us) +A (te, u2) |< (3) 
<M (1 +u"—-*) | — fe|4| ur — ue |. 
IIpumepom dyHKUHH, yAOBMeTBOpAoUleH OOOMM YCJIOBHAM, MOKET CJLyKUTb 
@yHKIHA 
nt 


h(t,u)= Sia) wi, a; () CH (@,N). 


1 


Onepatop, onpefemnemprit dyHkuveli fh (t, uv) B W*, OyqeM 3amucbiBaTb 
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Teopemal. Ecau h(t, u) ydoeasemeopaem ycaosuam (2) u *%* = 
= ind G (t) >0, mo sadaua (1) paspewuma. 

Teopema 2. Ecau h(t, u) yooeremeopsem ycaosuam (2) u (3) ux >0, 
mo pewenue sadauu (1) moocem 6e1mb noay4ueHo memodom nocaedosamerbnolx 
npuoauoncenutt. | 

TlokasatTepcTBa OyAyT Javbl HMKe. | 

2. Tlopropus mpeoOpa30BaHHA, MpHBOAAuMe K pellienHio 3agayuu (1) B (°), | 
NOJyuHM: 


A T+ (z) as 
+ (z) =e" [P,Q Sh D aes 
O~ (2) =e @)z2™ [BAZ Oo (4) 
“rye Sp=z5\PMetods, 2eD' UD. 


Touku BeTBuIeHua y @+ (z) ucKMOUaIOTCA, MOITOMY 3agjaya (4) pacnayaetcs 
cbakTHYeCKH Ha f 3a],a4H, COOTBETCTBYIONWIMX Pa3JIMYHbIM BETBAM pafMKaJla. — 
Sayaun (4) wu (1) paBHOCHJIbHbI, NOITOMY JOCTATOUHO TOKa3aTb pa3pelHMOCTb 
sajaun (4). Ja 9sToro mosoxKuM P, (z) = C u paccmotpum B Wt oneparTop |} 

pla ifise (Z) 
Ao (C) pt =e" (C — Sthgptj/", rhe y pafuKasla duKcHpoBaHa ompese- | 
JIGHHaA BeTBb. O6o3HauuM S (R) 3aMKHyTy10 cchepy B Wt pannyca R: |\pt(2)|| << R; 
S (R, K) — Muoxectso dyHkuuh u3 S (R), MpesetbHble 3HaYeHHA KOTOPHIX © 
mpHHagqiexat H (a, K); S (R, K) — BbinykKabit Kommakt. | 

Ouenum || Sthgt||: 

a) h(t, u) yoBseTBopseT ycnoBuaM (1) u gt (z)ES(R, K), R>l. 

| S*ag* || = max | Fh, gt eT + 5) AEP rinde| < 
16L TL } = 


<max|h(t, g* (t))eT* | + max | oe \ A Te i ee oe (7) dtl < 
tEL teL Hy tor 


<M (1 + lot @ [IP le OI + 
+ Mle [1 + ot @l*) + + et @l*)] ge | 


ds 
Mg lt 


~< 
<2MR = lle RR ye eae 
L 


6) h(t, uw) yoBaeTBopser ycnosuam (2) u (3), gt (2 E€S(R), RS], 
|| S*hep* || < max | A (é, p* (é)) eP* @ | + 
t€L 


AY ARP) et CeO eee 
ee ixi\ rrr Ode] < 
1 ds 
2 n—e —I'+ (2) a \ ee = 
<2MR"*|eT+ 4] [1 + oa) toa 
OGoanauum b = =| = oe P= max (1, |jeP* @]), We" @ 1), r wig — 
20) ae i : 
L 


yuclla > |, 
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Jle MM a 1. Ecau h(t, u) ydosremeoprem ycaosuam (1), R=rV{C\, 


a= ¢ y [C\, (Cl > 4MIrre— [r +(r +) bd], mo onepamop Ao (C) 
ee Ha S(R, K) u Ao (C) S ( R, AC Sy2F Cle 

MoKxasateaperso. Ilycth gt (2) € S (R, K). V3 onenok a) crenyer 
Ao (Cher |< TntlC| | Sthgt ie < BrCl, Le. AO) SIR, KK 
s lQn Cc puny, Wz Tex xe oleHok momyyaem |C|— || Sthot / = 

>|C|—*/2|C| =1/2| C| > 0, cnenopateabno, Re e-/@€° [C — Sthgt] > 0. 
Tak Kak pafukKad B NomynsocKkocTu Re e—’ "8° z > 0 aBaneTca HelpepbIBHBIM 
4 onepatopom B Wt, To JocTraTouHO ycTaHOBHTb HelpepbiBHocTb Sth Ha S (R, K). 
‘TlocaeqHee 2Ke IpescTaBaeT H3BeCTHEIN dakT (*). JlemMa joKas3ana. 

JlemMa 2. Ecau h(t, u) ydosremeopsem ycaoeuam (1), R =r (\C))/, 
aK =q (|C)/)¥*, |C\/" > max {(6MIr7— [r + (r + q) 5], 3/2 (1 + 2p) Mr°4x 
Vo teuaee pny gl ly mo Ao'(C) S (R; K) C SACT(C\y*], (oN + 
+ QP |c)yel. 

Woka3saTeabcTBO. Tak Kak YCIOBHA JIeEMMbI O6eCMeuHBaIOT BBI- 
TloHeHve JIeMMbI 1, To JOCTaTOUHO JOKa3aTb, TO ar GEN 3Ha4eHHA 
Ao (C) 9*, roe gt (2 ES (R, 4), npHHalexKat H {a, oy a 1(2T | C\)ve]. 
Tlycts g* @ €S(R, K). Torga | h(t, pt (t1)) — h (2, pt (12) | << M [(L + 
+R) £(1 +R) K) | — 2/2 <2MR"I~"(R + KY | 1 — |*. To- 

+ T+ (#) 
ckobky G (t)€H (a, N), umeem e-!*() x et € H (a, pN), mostomy (°) 
3HaveHHA TIpeoOpa30BaHHoH dyHKunA Sthg* B Toukax L mpHnaqiexat 
HI (a, p2MR*— [(R + K) T + pNR]), p — nexoTopoe uucso, He 3aBHCaAIee 
ot Ru K. Jlanee, - 
[IC —4/,e-P" to h (41) p* — S* (41) hgtyy" — 
—[C —1/,eT" ) h(t.) p* — S* (ts) he" "| = 


[lo eP” 4 p (4) pt —3/geP 2) A (te) @t + S* (tr) AQT — S* (te) AQ | 


n 
2 [Cay ere (ti) pq (t1) pt—S*(ty)hpt}]—*/" [C= ear (to) p (t2) p+—St(ta)hgt]4—)" 
1 


rue h (t) p+ (kax u St (¢) a) — 3HaueHHe MpeoOpas0BaHHOH dbyHKUMH B TOUKe f. 
‘Jina 3HaMeHaTeia HMeeM OLLeHKY 


YC —*/oeF* 0h (t,) p*—S* (t1) hegt]"—/" [C — 1 eT" (4) h(t) gt— 


SN (Lo) he*}@—-V/ > [| C | — \| Sthept epee} 


eS Mee a Gy) ot — ew A (te) OF + S* (Apt = S* (He) AO] 
8 pa 1+ elu (Ea) + + + 
; i —1/,e h (ti) @ —S (t1) hp 


Peas ee ee, 
Tak KaK MOfyJIb BTOporo cularaeMOro B KBapaTHbIX CKOOKAaX MO] 3HAKOM CyM- 
2 || Sthp* || 


MbI HE IIpeBOCXOJHT < 1. YuntpiBaa 3TO HepaBeHCTBO, NoyuHM 


[C| —| Stag 
|[C —3/ee** fh (41) pt — St (th) ht}! —IC — Vee hi (t2) pt — 


Wea: I+ pNR), a 
— St (to) hot]! (/2 + p) 2MR [(R + K) ene 
( 2) 7 ] | <S Cel || Stht yen \/n 2 4 


n—1 In os 
eee Ps BP (Tc Te ae 
3 Kea say 


269 


STHM JIeMMa JOKa3aHa, TaK Kak 


= i) 


[Cae h (pt —S* ( etl!" H la, pN (2|C)™"+ (FC)! 
CH (a, QF \C)!" (N+ 1). 


AnasorH4Ho HepaBeHCTBO 6) TOSBOAAeT JOKa3aTb Cilefyroulwe yTBepKMeHMA: | 

Jlemma3. Ecaw h(t, u) yOoesemeopsem ycaoeuam (2) u (3), R=r(\ Cj) 
u |C\"" >4MIr" (1 +6), mo onepamop Ao (C) nenpepoisen na S(R) 
(CES (R) Cu se Okie) ak | 

Jlemma 4. Ecauh (t, u) yOoeremeopaem ycaosusam (2) u (3),R = r(\C\)Y™ 
u \C\" > 6PMr (1 +6), mo Ao (C) na S(R) seanemca onepamopom c6au- 
OeHUA. 

3. Toxa3saTeabcTtBo teopempm l. Ilycth|C| ynopnetsopaer 
ycloBHaM slemMBl2, r = (21) ug = (pN + 1)(2T)””. Torma Ao (C) S (R, KC 
— S (R, K), T. e. onepatop oTo6paxkaeT MHoxecTBO S (R, K) B ceOa. Tak Kak 
S (R, K) — Bpmykapti KommaKtT wu Ao (C) — HempepprBHpl ua S (R, K) one- 
patop, K Ao (C) mpuMenum mpunnun Mlaygepa. Caegopatenbuo, B S (R, K) 
onepatop Ao (C) uMeeT HelmosBMxKHyI0 TOUKy Pr (zZ): Pr (z) = Ao (C) pr. Teo- 
peMa jloKa3aHa. 

Moka3zaTeabctBo TeopemMb 2. Ilyctb|C| yqopneTBopset ycno- 
BUAM JlemMbI 4 ur = (21). Torna Ao (C) S (R) C S (R) uw ua S (R) onepatop 
Ao (C) 6yzeT onepatopoM cOu1mxKeHUA. S (R) — 3aMKHYTOe MHOKECTBO NOJMHOTO 
mpoctpauctsa W+*, nostomy Kk Ao (C) Ha S (R) TpHmMenuM npHHunn Banaxa. 
Teopema jloKa3auHa. 

SameuauHne. Pas3pemimmoctb 3aqaun (1) B 3Ha4HTeIbHOH cTenenw 
oOecheunBaeTcA HalMuvemM TlapaMetpa C. Ilostomy mpemmomoKeHHe x > 0 
B HallHX paccyKJeHHAX cyllecTBeHHO. B csryuae x < O Bompoc paspeliuMocTE 
sajaun (1), 3a HeOObUIMM HCKJIOUeHHeM, OCTaeTCA OTKpbITHIM. Mcksouvenne 
cocTaBulseT 3ajaua (1), paccMoTpeHHaa B (°). 

4. Sanaua 


O* (i) = G() [O (I" +AU, & (6) (5) 
MOcpeACTBOM lipeoOpas0BaHHA epeMeHHoro 2 == l/w mepexoquT B 3amauy | 
(t = 1/) 

(x) = G(S) IO I" +A(], OF () 


WIM 


[D; ()I" +A (t, ® (1) = G(X) OF (0), (6) 


rae fi (t, ©; (t)) = h (1/t, ©} (1))/G (1/1). Ho 3anaua (6) copmagaer c 3aza- 
ueli (1). Kpome toro, ind Gi (t) = ind 1/G (1/t) = ind G() = u fi (1, u) 
YAOBMeTBOpAeT yCOBUAM (2) u (3), ecmH uM yoBNeTBOpsaeT A (t, u). lostomy 
JIA 3aqauv (5) Take MMeIOT MecTo TeopempI 1 u 2. 


PoctoscknHi-Ha-J[ouy Iloctynuo 
rocyapcTBeHHbIli yHHBepCcHuTeT 23 II 1961 


HWHTHPOBAHHAA JIMTEPATYPA 
'‘H HW. MycxeaumBuan, CuuryiapHple wHTerpaibHble ypaBHeHus, 1946. 
> ®. ©. [axos, Kpaespie 3ayaun, 1958. 3. HW. [pusaso B, Muterpan Kom, Ca— 


Pp 
patos, 1919. 4 A. UA. [Tycetuos, Matem. c6opx., 20 (62), 2 (1947). °T. B. Ap xa- 
HoB, JJAH, 132, Ne 6 (1960), 
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Toxraagn AnayzemMun nayx CCCP 
1961. Tom 139, Ns 2 


MATEMATHKA 
HM. C. APLIOH RRR am im. + 


TEOPEMA THITA TEOPEMbI ®PATMEHA — JIMHJEJIE®A 
AJIA JIMHEHHOM JJJIMNTAYECKON CHCTEMBI 


(IT pedcmaeneno axademuxom M. B. Keadouuem 20 I 1961) 


VispecTHasd Teopema 0 TOM, 4YTO rapMoHMYecKad yHKIMA u(x, y), OrpaHu- 
(eHHad Ha CTOpoHax Nosynonochl x > 0,0 < y < 1 u yqoBneTBopsiomlad mpu 
Y<y<l1 ycnosuio u (x, y) = O (e'*—*)*), x +00, orpannmuena BO BCeli 
Jomynouloce, Nomyyula 3a MoceqHee BpeMA BeCbMa IMpoKHe oOGoOleHUA. 
danOovlee 3HaunTebHBI padoTs E. M. Jlanguca (+), IT. J]. Jlaxca (7) u M. A. Es- 
*pacdbosa (*). OfHaKO yNoMAHYTbIe pe3yJIbTAaTbI, XOTA M HOCAT OOUee HasBaHHe 
«TeopemM Tuna DparmMena — JluHeneda», He ABMAIOTCA TOUHbIMH aHamoramu 
<lacCH4ecKOrO IIpHHUHNa, KOTOPbI B IpHMeHeHHH K cucTeme Koumm — Pumana 
0 ee oy eS NAG bs 
Oy ) ie + AEE 4 
opMyJIMpyeTca CJleqyIoulHM OOpa3oM: ecJIH TapMoHuMYecKad (byHKUHA wu (Xx, Y) 
M COMNpAKeHHAaA C Hel VU (xX, y) OrpaHWYeHbI Ha CTOPOHaX NoMynosoch x > 0, 
O<y<_l, Upwuem sBuytpH Hee yyoBneTBopsioT ycnoBuio ju + iv| = 
= O (expexp (p — 8) x), x ~ oo, To ju +iv| = O(l), x > oo. 

MoxHO CKa3aTb, 4YTO pesysbTaTb! l-ro THMa OTHOCATCA K peleHHIO 3aa4uH 
Jlupuxse, a 2-ro Tula — K pelllenuio 3aqaun Kom. OTHX NocieqHUX B JHTe- 
paType cpaBHHTebHO HeMHoro. MMeHHo, 23To ctatpH M. A. Esrpadosa u 
VW. A. Uernc (*) u VW. A. Yernc (°), rae peuteH Bompoc o rapMoHHYeCKHX (byHK- 
WHAX 3 MepeMeHHBIX B KpyrvioM (*) H MpaAMoyro/IbHoM (°) NoLyuMAHHApax. Kpo- 
Me TOTO, OHA OOlad TeopeMa JIA Cyan BCeH MwIocKocTH JoKasana I. E. U]n- 
JIOBIM (°), 
Tlostomy MpeycTaBaeT H3BeCTHbIM MHTepec NOJyYeHHOe MeTOJOM, OTJHY- 
HbIM OT IpWMeHaempIX B (*,°) uw (°), O6oOmeHHe NpHHuuna Dparmena — JInu- 
eneda AA NOynoOcbl Ha pellieHHA CHCTeM BHJla 
| ai, Ou 
(Oyen Sta On 
Snecb A, P — MocTosAHHbIe MaTpPHIbI MopAAKa Nn; u (x, y) — n-MepHbIit BeKTOp. 
Teopema. IJlycmo u(x, y) — peulenue ypasHexua 

Ou A - 
@ noaynonoce x >0, O< y <1, Henpepolenoe emecme co Cé0UMU 4“aCMHbLMU 
npouseodneimu enaomb Oo epaxuuol. Ecau: 1) ypaenenue (1) a2aunmuueckoe, 
m. e. 6ce COOcMébeHHEle 4UCAA mMampuyol A uUMeIomM OMAU4HYIO OM HYAA MAUMYIO 
wacmb; 2) cyiwecmeyem dynkyun @ (x) > 0, ydosremsopstowan YycAoéuto 
lim 9’ (*) +1) (2) 
ree NG) 
u makas, umo O~an y=Ouy=1 
a(x, y)—u(s, |<|x—s* {9 () +99); l4le ISP); 4 >9; (3) 
3) npu atwo6om guKkcuposanHom y, O<y <1, 
/ u(x, y) = O (exp exp (p — 2) x), x00, 8 >0 smob08, (4) 
20e p = n/max |Im ag}, a, — coOcmeennole 4ucna mampuye: A, mo paeHomepHo 
no 6cem Y. 


u(x, y) =O@ (xX), * 7. (5) 
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Tloka3aTeJIbcTBO B OOWLMX YepTaX COCTOUT B Cenyroulem. Tlono%KUuM 


co (oe) 


ules, etter dé Va (t, yee tao dt, (6) 


Pie Pie 3p &- 


_ Torna v (x, y) YOBNeTBOpsAeT ypaBHeHHI0 
ae =~ AX + PE+hn fy) Ai seer, FY) =— ALO, ¥). (7) 


OcHoBHad 3ajada COCTOHT B OlleHKe v (x, y). C sTof nenbio paccmoTpuM 
(yHkuHH v(x, 0) w v(x, 1). V3 (6) BugHo, 4To Ha mulocKocTu § = x + ik 
OHH C JeHCTBUTebHOH OCH MpoOfoMKaIoTCA B o6actb |Im &| = |A| <n/2p +6, 


6 > 0. Kpome toro, B 9TOH oOsacTH 
co 


0 (x, y) = 


HX 


[8 (e+ Ed, OJ +o (e+ AA, I<) 29 @ [ere Fest | dt < 
0 


< CONS ex Sew aces (8) | 


Bnecb c2 > 0 mo6oe, cr: = 4/2 cosl(a/29 + 8) oi] > 0. 
Ecau Tenepb o603Ha4uHTb 


D(z, 0) = \@ 0 (x, O)e2dx, 0(2, 1)= \ b(x, le*#dx, Rez>0, (9) 


TO H3 IIpebILylleli OL€HKU C MOMOMLbIO CTaHapTHEIX B TeOpHH MpeoOpasoBannsA 
@ypbe coo6paxkeHuli Jerko Nowy4HM 


|2 (z, + fo(z, I) |<ee 7", a@=Rez=eonst >0. (10) 
BoccoszaqumM dyHKILH10 a y) uph 0 <y<*/2 € MOMOMbIO PoOpMyAbI 
a+ioo 
x 1 (2) z)(y—t) ¢ xz 
Sul = aq | [e*' "9 (2,0) + — P(E + i)\enren far eas (1) 
Tle, Kak u Benue, } (ft) = — Au (0, A, a 2A (2) = 2A +P. Uccaenyem pocr 


Pa3JIMUHbIX BbIPAKeHHH, H3 KOTOPbIX COCTaBMeHa MOZbIHTerpasibHad PyHKUHA 
B (11), Ha kontype Rez=a. Mmeem 
zA(z)y ~ |My ~max Re (za 
ee EOIN Ee 2a tae ae (12) 


Siecb dz (2) O6o3HauatoT coGcTBeHHbIe 4nca MaTpuub A (z) = A fee 12 


YunTEIBaA, YTO MpH|2| + 0o az (2) = ag(1 +0/(1)), a Take wTOO CS y< 4/2 


H max|Ima,| =«a/9, HaxoluM 
egies Sete, Foe k (13) 
SHauntT, 
2 
[eA Pw at See OM (14) 
0 


Hakonen, no cbopmyse Crupauura, 
if i ai 1) a a oi (15) 


Ouenku (10) u (13) — (15) noKaspwaiot, uTo Ha KoHType Re 2 = a NOgbIH- 
TerpaibHad (yHKUMA uMeeT Bu O (e—%—=)l2l), Orcioga caemkyeT aOcomorTHas 
CXOQMMOCTb MHTerpasa (11), Bo3MoxHOCTh BupepeHuMpoBaHuA Mo ero 3Ha- 
KOM II0 X MW Y WM He3aBHCHMOCTb Wy (xX, y) OT a MpH a > 0. Orciona x#Ke BbITeKaeT 
HepaBeHCTBO 

leo (x, y) |< cae”, O<y<%s2, a >0— mo6oe. (16) 
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OctaeTes JloKa3aTb COBMagxeHHe W, (x,y) H v (x, y). O6o3Hauuam L = = 
y 
0 A A eS 
--A=-—P. Torna, seuny (7), L (u—wo) =0, u, ovesuguo, 9 (x, 0) = 


= wo (x, 0). Kom6unupys Tenepb u3BecTHy!o TeopemMy XOwJbMrpeHa O MOKaub- 
HOH CJHHCTBEHHOCTH pellleHHa 3agqaun Kouiu c BO3MOx*KHOCTHIO aHaAJIMTMYeCKOrO 
TIpOMOMKeHHA OOOO pellieHusA SsIMNTHYeCKOrO ypaBHenua Lu = 0 B HeKo- 
Topyio oOsacTb Ha mulockocTtH § =x + iA (npH QuKCHpoBaHHOM y, 
x Yi Me +6), Nowyuum, uTo npw 0 < y < 1/2 cnpaBeqanBo Tox ecTBO 
y= Wo. 

Cayyai 4/2 < y <1 ucuepmbiBaetca aHasiornyHo. 

Vrax, || v (x, ¥) | < cge** npu m1060m a>0, Tlostomy MoxKHo BBecTH (byHKILHIO 


o(z, #) = \ o(x, ye dx, (17) 
peryatapHyio B o6acTH Rez >> 0. Ona yjoBseTBopseT ypaBHeHHio 
| dv eee a $ ‘ 
on kee (z)v + Fak eal L)r), i (Y) = — Au (0, y). (18) 
CuleloBaTebHO, ; 
Y 
a LAC tt pez 1 1\f zAee+D FZ, 
B(z,y) = e405 (2, 0) + —T(= - 1)\e f(t) dt (19) 
WJM 


Y 
2 Ae g—) a WO ee A A ee aietay : 
v(z,y) =e o(z,1)+—1 ee == I)\e f(t) dt. (20) 
i 
OGo3HauHM uepe3 E~ (2) omepaTopbl NpOeKTHpOBaHHs B COBOKYMHOCTb 
HHBapHaHTHBIX NOMMpocTpaHcTB MaTpHub A (z), OTBeYAIOWIHX ee COOCTBEHHbIM 
uMclaM dz (Zz) c yceoBHemM Ima, (z) > 0, cooTsetcTBeHHO Im ax (z) < 0. 
OTH MaTpHIbl perysApHbI B Kobe fo < 2 < oo. TlomoKHM, Kpome Toro: 
0 (2,5) fee) ene sens,! .sita2 0: 
2. S\s) 
/ \E-(z)e4@ssons, sImz<0. 
Ecan ='/2min|arg (+ a,)|, w= tV/emin|Ima,g|, To B o6nacTH 
Farg (2 — 6) + 2/2)! < 0 


Sb. eR (21) 


| Q (2, s)| 
YMHOXHM Tellepb up Im z = 0 o6e actu (19) Ha E~ (2), 06e yactu (20) 
na E° (2) 4 cAOwKMM. SaMeTHB TakxKe OYeBHAHOe COOTHOMEHHE 


—_ { Zz ~ 
we, 0 ona Liat 
Go = bi +1) ule,0) 
rae u (z, 0) — npeo6pasopanne Jlanmaca pyHKunH w (x, 0), MomoKUM y = +- 0 
1 2 la a \ 
M o6e YACTH MONyYeHHOrO paBeHCTBa pa3eIHM Ha By I ee +1). 


Homryuntca caemryroulee KpaeBoe TOK ]eCTBO 


rN 


u (2, 0) = Q(z, +0) u(z, 0) — Q(z, — lulz, 1) +\ Qa y—t)i@adt. (22) 


eee 


Ce 


( 


Ucnomb3yem ero Jia MouwyyeHuA PopMyIbl OOpalleHuA PyHKUMH Uu (Xx, y) 


I+-£00 Cae ie 
| 2aiu (x, y) = \ Q(z, y)u(z, 0)e%dz— \ Q(z y—l)ule, lerde+ 
: 6—i00 TM. o—{[00 
ae \ \Q@y—AF@ dt} e dz. (23) 
o—ico 0 
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Syecbh s >> 0 BblOupaetca cCTOMb SOMbIIMM, 4TOObI B KOJIbIe | Z| > 5 MATPHILbI 


E~ (2) Opimu pery ApH. 
JlokasaTebCTBO MpOBOAUTCA Mo ToH %e CXeMe, KaK HM OWeHKa *yHKUMH] 


(x,y). Umenno, o603HauMB mpaByo uacTb (23) yepes Qniw (x, y), HAaXo_UM, 
uTO 3Ta PYHKIMA HelMpepbIBHa BMecTe CO CBOHMH 4YaCTHbIMM MpOH3BOQHDIMH] 


BIWOTh Jo rpanuub, L (v —w) = 0 u, cormacno (23), 
a+ico 


(x, 0) = 55 | w(z, edz = u(x, 0). 


O6o3HayHM eule as 
Kis. = | Qe etd, 4-0. (24)| 

Tlepopmauua Koutypa Re ye fp B oOmacTH | arg (z — 5) + 2/2|< 0 naeT] 
OWeHKY q 
ae 4) < const baa oo ae ON li Race (25) | 


u(x, 0) uu (x, 1), Tomy4HM Mocie HeCIO*KHBIX STU eee auterpasbrtyio f 
ee Tuna dopmMyabt Kom 


(oe) 0 
Onin (x, y) = \ K(x—t, y) u(t, 0) dt + \ Kiet pS) o Gal 


0 
0 


+A\K (x, yd 0 (0, 6) dt, (26) | 

, } 

cipaBeliuByio upH x >> 0, 0< y< _ 1. OcnoBpiBasch Ha Hel H Ha Soom | 
ajax (3), (26), merKo Haiiqem | 
| (x, ) | = O (e%4), oreo Se, 4% = 0. (27) | 


OKOHUATEIbHEIM pe3ybTaT MosyyaeTCA OTCIOa MOUTH HeMocpemcTBeHHON | 
CCbIIKOH Ha TeopeMy, JOKa3aHHy1o0 B 3aMeTKe (’). HekoTopble JONOJIHUTeIbHEIE } 
DaCCYKTECHUA MPOBOATCA B TeCHOH CBA3H C M3JIO¥KeHHEM B STO 3aMeTKe. | 

CTOMT elle yKa3aTb, ITO [JIA ONpaBLaHuA elicTBHH, MPOMSBOLUMBIX Mmpeod- J 


pa3s0BaHHeM HES ER IIPHXOJUTCA paCCMaTPHBAaTb BMeCTO U (x, y) Pyne | 


Se i) = ar u(t, y)dt, oOmaqarouly1o ocTaTouHO XOpOUIMMH mud- | 
0 | 
(bepeHUMaJIbHEIMM cBOucTBaMH. Jia Hee BMecTO (26) WoKasbiBaeTCA HECKOIbKO 
Goulee cOKHAaN CopMya, KOTOpan Nocwe TpexkpaTHOro AuddepenunpoBanua | 
MO 3HAKOM MHTerpadioB cBoyuTca K (26). 
B 3akmoyeHHe NOb3yioCh CJly4YaeM BbIpPasHTb GOsarogapHocTb M. A. Es- 
rpaoBy, KOTOpoMy NipWHafiexKaT NOCTaHOBKa 3a4a4u VM OCHOBHaA ued JoKa- | 
3aTEJIBCTBA. | 


- Tecrynuao 
17 T4964 


HUTHPOBAHHAA JIMUTEPATYPA 
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Ackaagn Akagqemun nayr CCCP 
1961. Tom 139, Ne 2 


MATEMATHKA 


B. ©. BOJITAHCKHM 


MOJEJIMPOBAHHE JIMHEMHBIX ONTHMAJIDHbIX 
BbICTPOMENCTBHH MPH MOMOMM PEJIEMHbIX CXEM 


(Hpedcmaeaeno axademuxom JI. C. Honmpaeuneim 11 IIT 1261) 


ByzemM paccMaTpuBaTb OObeKT, 3€KOH JBHXKeHUA KOTOPOrO B (asoBOM Tipo- 
TpancTtBe X mepemeHHEIx x',..., x" WMeeT BUA 


11 I 
) x! = >) Wax" ae PC (=a eos (1) 
) ) =] e=1 
, 
fbr Oyjem Mpewmosaratb, 4TO yipaBAAIOWMH NapamMeTp u = (utes) ReGen) 
3 BusneTes TOUKOH BHIMYKIOrO 3aMKHYTOrO OrpaHHueHHoro MHororpanHuKka U, 
0 \ACTIOIOMKEHHOTO B IIpOCTpaHcTBe 16 KOOPpAHHaATaMu See ee 1c Byyem 


laCCMATPHBATb 3afauy 00 ONTHMaJbHOM ObICTposelicTBuy, T. €. 06 OTLICKaHHH 
MpaBleHua wu (f) co 3HauyeHuaAMH B U, mo BO3,elCTBHeM KOTOpOTO OObeEKT 
4) 3a KpaTuaiiitiee BpemMa MepexogUT U3. NOoMOMeHUA Xo B x1 (Xo M X1 3ayaHbl). 
JTa 3ayaua paccmatpyBanacb JI. C. [lontparuupm, P. B. TamKpemujize 1 
‘iBTopoM (1-°); HanoMHHM pesyJIbTaTEI 3THX paoorT. 

B BeKTOpHoH dbopMe cucTema (1) NpuHHMaeT BHT 


Pa 5: aie SW se Atte) 
me A:X —>xX u B:E' — X — suneiinpie onepatop, ompefeAemble B 
koopmunatax x4,..., x7 u uwi,...,u" MatTpuuamu (a') u (04) coorseT- 


J 
TBCHHO. 


| Bewgy B TambHeliiiem mpemnouaraeTca BbINOJIHeCHHBIM calemyrlomiee  yCJIOBue 
SCIUWHOCTH MO/IOKeHMA: eC W — BeKTOP, NapaJWIebHbIii OHOMy U3 peep 
inororpanunKa U, To Bextopni Bw, ABw,..., A” * Bw munelivo He3aBHCHMBl 
8 mpoctpauctBe X (cm. ycmoBue A) B pa6oTe ak 

}| Bsezem B paccMoTpeHHe BCMoMoraTesbHyIO CHCTeMy 


gag 


' fl 
\ F al ehearee . 
pe Way od = Den. 
‘ ah 


B BeEKTOpHO!i cbopme, 


p= — Ay, (3) 
“He A* — onepatop, conpsxenubili kK A, T. e. OlpeqemaeMblli MaTpuuel, Mo- 
|nysaiometica us matpune (a;) TpancrioHMpoBannem. 

} Hakouen, 2101 npouspoubHoro BeKTopa tp = (ip, .. . , Px) OCo3HAaUMM Hepes 
? (tp) MHOxeCcTBO Bcex Tex ToUeK uw G U, AMA KOTOPHIX CKaApHoe NMpoMsBepeHnHe 

. n if Z 

a0 
(ap, Bu) = > > Yabo tt ? (4) 

a=1e=1 


(CCMaTpHBaeMoe Kak (byHKUMA TOUKH wu € U, JocTuraeT cBoero HaMOoAbMero 
3HaueCHHA. 

Teopema 1. Kakoé6o 601 nu bo120 HempusuanbHoe peulenue p(t) ypasne- 
a (3), Onn ecex, Kpome KoHeuHoeo wUucAa, sHaueHUut t mHoorecmeéo e (xp(t)) nped- 
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cmasasem coboti OOHY eepuluny mHoeoepaKAuKad U. Takum o6pa30m, coomHoulh 


Ae 
u(t) = e (p(t) ( 


(mepsrowee CMbICA 6 KoHe4HOM 4ucAe mouveK, “MO HecCyUyecmeeHHO) ONnpedersel 
KYCOuHO-nocmosHHYyiO GbynKyuro u(t) CO SHAYeHUAMU 6 BEPULLLNAX MHO20ePAHHUK 
LU. Pynkyuu IM020 BUOA HA3ZbIGQIOMCA SKCMPEMAALHSIMU YNpAabheNUAML. 

Teopema 2. Bcakoe onmumanbnoe ynpasaenue seasemca akKcmpemart 
Hom. OOpamxo, nycmmb navanzo Koopouxam npocmpaxcmea E" saeasemca enymper 
Heli moukot mHoedepanHuka L/ u ece coOcmeeHHole 3Ha4enUuA mampuyot (af 


| 
umetom ompuuamerbHole Oeticmeumeaonole uacmu. Toeda das arboti mouk 
Xo EX cyusecmeyem, U Npumom moarbKoO OOKO (Cc mounocmb1O Oo cOeu2a BpemeHU| 
akcmpemanbioe ynpaerenue u(t), nepeeodaujee cbas06yto MouKY U3 NOAODMEHUA J 
6 Ha4ano KOOpOuHam O npocmpaxcmea X. Imo axcmpemarbHoe ynpasrenue 16A5 
emca 6 mo He BPEMA OAMUMAAbHOIM. 

B cury TeopeMb! | Kaka 9KCTPeMaJbHaA TpaeKTOPUA, HCXOAAILat B MOMe 
fo 43 TOUKH Xo, ONpeemAeTCH HavaJbHbIM 3HAGeHHeM %p(fo) pemeHna wp(7) ypaBHe@ 
Hud (3). Mmenuo, eC 3aaH NPOHSBOJIbHBIM OTJIMUHbIM OT HYJA BEKTOP re 
TO OHO3HAYHO OTpeeseno pewenue tp (¢) ypaBHeHus (3) c HadabHbIM yCIOBHe| 
(to) =o. Tlocuie gToro cooTHoweHHe (5) OMHO3HAYHO OMpelenneT CooTBey 
cTBYyIOIee IKCTPeMaJIbHOe yripaBjeHHe u (?). Hakonell, 3Had ynpapnenve u(f)i 
Mbl M3 ypaBHeHHs (2) HaXOJHM H COOTBETCTBYIOILYy!IO TpaeKTopHio x(t), Hcxogs 
ULyIO H3 TOUKH xo. TakHM OOpa30M, B KOHE4HOM Cy¥eTe SKCTPeMaJIbHaA TpaeKTG, 
pua x(t) OAHOSHAYHO OrlpeenseTca BbIOOPOM HaudaJIbHOrO 3HaveHHS pd) 
EciM Ham yaslocb HaHTH HM€HHO TaKOe Hau¥aJIbHOe 3HAYeHHE po, UTO TpaekT¢) 
pus x(t) mpoxoguT yepe3 Hayao KOOpAHHaT OC, TO, B CHAYy Teopembl 2, onTHMaIEH 
Hoe yipapjienue u(t) H ONTHMAabHad TpaeKkTopua x(t) Halifeubi. 

CaelyeT OTMETHTb, 4YTO BHIGHCJIeHMe TpaeKTopHH x(t), COOTBeTCTBYIOULel 
HavaJIbHOMY 3HAYECHHIO Yo, ABJIAETCA JOBOJbHO TPpyoeMKuN. Jl eicTBHTeJIbHOp 
9Ta 3afaua BKJUOdaeT B CeOa pelliexHe ypaBHeHua: (3), HaxoKeHHe dbyHKiMh 
u(t) mo @opmyvie (5) H, HakOHeL, petieHHe ypaBHeHus (2), 4TO CBOANTCA K pelel 
HHIO HeCKOJbKUX CHCTeM AupepeniMasbubIX ypaBHeHHli C HOCMeLOBaTe/IbHbIN 
«MPHMaCOBbIBaHHeM» Ha¥aJIbHbIX 3HayYeHHH (HOO dyHKuHA uw (Z) nowy uae 
BOOOMLe TOBOPA, HE MOCTOAHHOH, a JIMUb KYCOWHO-MOCTOAHHON). 

Ec MpeanoOKATb, YTO HaXO*KAeHHe TpaeKTOpHH x(t) MO Ha¥asIbHOMY 3Ha 
YeHHIO Wo OCYLIECTBIAeTCA HEKOTOPLIM HP HOOpPOM, TOOCTaeTCH 3a ay: 
1OWUCK aA HayalbHOrO 3HaYeHHA to, pH KOTOPOM TpaeKTopHa x(t) mpoxo 
HT uepe3 O.* 

B HacTosuleH 3aMeTKe, He KaCadCb BTOPOH 3aqaun (3afaun MoucKa HadaJbp 
HbIX SHAYeHHH ipo) Mbl yKaxKeM CnocoO nocTpoeHHA MOReINPYwiuer®g 
yCcTpOHCTBAa, NMOSsBOUAOMerO NO Ha¥aIbHOMY 3HaveHHIO to HAaXOMHTH 
COOTBETCTBYIOINLYIO IKCTPeMaJIbHy!O TpaeKTopuio x (f). OHO cocToHT v3 By} 
JIMHeHHBIX OObEKTOB C ypaBHeHHaMH (2) w (3) H HEKOTOpOrO 4NCAa peweHbI 
3JIEMEHTOB, KOJIMYeCTBO H CX€MA@ COeHHEHHA KOTOPHIX OMpeeAIOTCA MHOFO 
rpaHHukom{U u onepatopom B. 


| 


\ 


ee ee es 
este 5 SS Se S58 
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Tlepexoqum K MaTemMaTH¥eCKOMY OMHCaHHIO yKa3aHHOrTO Mofeaupyionlero 
TpolicTBa (puc. 1). Paccmorpum JImHefuplit oOpeKT, :asoBbie COCTOAHHA Ko- 
poro OMMCbIBaIOTCA MepeMeHHBIMH 1pi,...,p,, HSMCHAIONIMMUCH MO 3aKoHy (3) 
qactok AB cxembl, 4300paxenuol Ha puc. 1). Ilycrh, anee, 


Wi, W2, <i. s. wy (6) 


jMapHO HeKOJIHHeapHble BeKTOpbI, HMeIONMe HallpaBseHHe peOep MHOFO- 
laHHuka U (7. e. KaxkJbii u3 BeKTOpos (6) NapaJimenen xoTa Obl OMHOMy peOpy 
tororpanHuka U uw JA Kaxyoro peOpa uMeeTca B cucTeMe (6) OAMH Napau- 


JbHbI eMy BeKTOp). OOosHayYHM KOOPAHHATHI BeKTOPAa W; Yepe3 w;,... , Ww; 
TlOJIOMK HM 
: ft r 

Gf = (Y, Bw;) = yas Wabe wy, fr UD ee cae ei (7) 
4 a=1 9=1 
epeMeHHble €1,..., 5) ABJIAIOTCA JIMHelHbIMA dopMamH (BooOUIe ToBOpS, 
[HeHHO SaBMCHMBIMM) OT Yi,...,W,. SHaveHHA BemuuMH §; oMpesemsoTcH 
AMYMHAMH \p,, HO OOpaTHOTO BOselicCTBHA Ha HHX He OKasbiparoT (3TO BHIpa- 
2HO Ha ya4acTKe 55 nanpaBsieHHAMM CcTpesoK). 
' Kaokayto 43 BeaMunH &; MbI owawHM Ha CBOM peselHbIi 9/leMeHT; BbIXOJbI 
UX PeJIeHHbIX SIEMeHTOB OOO3HAUHM Hepes Ni, ...,, Ny (T. e. Ny = Sign &, 
t yuactokK BI na puc.~ 1). 
Ilyctb Temepb ¢1,...,¢€, — BCe BepLIMHbI MHororpaHHuKa U. IlonoxumM 
+= 1 unm 6;; = — 1, ecaw HCXO_AMIMH U3 BePLIMHDI e; BEKTOP, paBHblii W; 
Id, COOTBETCTBEHHO, —W,;, HfeT MO OHOMYy H3 peOep MHOrorpaHHuKa U. 
QW 2%e BeKTOP W; He IapadeeH HH OJHOMY peOpy, NpHMbiKarolleMy K Bep- 
Hue €,, TO 4HCHNO &;; He olpefeteno. PuKcHpyeM HeKOTOPbIH WHJIEKC 
= (1,2,..., g) 4 OyqeM paccMaTpHBaTb TOJbKO TakHe HHJeCKCHI j, WIA KO- 
PbIX UHCIIO &,; OMpefemeHo. Torga BeKTOPbI &;;W; HallpaBsIeHbI No peOpam, 
IXOJAULHM M3 BePILMHbI €;; YHCO 3THUX peOep OOO3HaUHM Hepes /;. JIerKO BH- 
‘Th, YTO tbyHKuHA (4) Torqa WH TObKO TOra NpHHHMaeT cBoe HaHOOJbILee 
[aueHwe B OMHOM BepiiuHe e; (T. ec. e (sp) = e;), Kora BCe BENHUMHEI &;//5; 
‘PHILATeMbHHI, T. e. &;;4; = — 1. Vnaue ropopa, paBexucTBo e (tp) = e; uMeeT 


2cTO TOrMa WM TOJIbKO Tora, Kora BeIMYHHA 
€;=l;—1+ Seni (8) 

j 

IpHuatesbHa. Benuunubl C),... , Cq ABJIAIOTCA JIMHEHHBIMH (YHKILMAMH Tepe- 

BHHBIX 4; (yaactok 7/7). Hogap Benuuunpt C,,...,C, Ha pewevHble 9Je- 

CHTLI H OOO3HAYHB BbIXOJHbIC BeEIHUHHbI wepes YX1,..., %¢ (yyactoK Z[E), 


bI HaHJIeM, ITO paBeHCTBO e (ip) = e€; HMeeT MeCTO TOra UM TObKO Torga, korga 


Ilycrb Tenepb é¢;,..., €; — KOOPAMHATLI BepUIMHbI €; MHOrorpanHuka U. 
\OJI0%KHM 
1 
| waz Sl w)e, paler (9) 
i oe 
yuactoK EK wa puc. 1). Ecane (p) = e; (7. e. Xo = | npua-iny, = —]), 
3 ToUKa (ut, ..., uw") copnamaerT c e; (cM. (9)). Maye ropopa, ecau dyHKuHA 


L) mocTuraeT MaKCHMyMa TOJbKO B OHO BepliMHe MHOrorpaHHuKa U, To 
(w,...,u’) =e (). (10) 


Haxoneu, yyacroK /K3 cxembl Ha puc. | npescTaBasneT Cobol OObeKT, TO- 
ejeHve KOTOporo onvchiBaeTcA ypaBHeHHeM (2) (T. e. HCXOHbI OObeEKT HJM 
ro Mojemb). M3 cKa3aHHOro BbIle ACHO, UTO, KAKOBbI Obl HU ObIIM HadaJbHbIe 
CIOBUA JIA BEMMUIHH 1p;, yuactok AB cxembl BbipaaThiBaet pyHKWuA 1 (2), . . . 
|. . 5 Wn (f), cocraBmoulve pellieHHe ypaBHenua (3), KOTOpbie Ha NocseqyioulHx 
YacTKaX  mpeoOpasyiotca B BeJMUHHbI (ut (),...,u ()) =e Ml) 
| are 


“4 


(cm. (10)), 7. e€. B CooTBeTCTByIOllee 39KCTpeMasbHoe yipaBsenHe (cM. (5) 
a Ha BbIXOJe CX€MbI Mbl MoJyyHM BemM4MHEI x" (t),..., x" (t), ONHCHIBaIONIH 
9KCTpeMaJIbHy!I0 TpaeKkTopHio, Tem caMbIM Hoka3aHa: | 
Teopema 3. Cxema, us06pascenHan na puc. | (cu. maxoce (7), (8 
(9)), ocyujecmeanem Oeuscenue obvekma (2) no SkcmpemanrbHou mpaekmopu 
(Np MOdbLX HALAAbHOLX SHALEHUAX OAA CCAULUH rb; U xX‘). , 
OctaeTca 3aaya MOWCKa HavabHOrO 3HaYeHHA Ws p, MpH KOTOpOM (Ag 
3aaHHoro HavasIbHOTO 3HaYeHHA X,) NOMyYaeMaA TPaeKTOPHA MpOXOAMT yepefh 
HayajloO KOOpAuHAaT — 3TO H OyeT ONTHMaMbHad TpaeKTopHa. Tako MOCK 


Pue. 2 
HallpaBJIeHHe TeYCHHA BPDeMeHH, BHIVEpTHTb JOCTATOUHO TYyCTytoO CeTKY TpaeK | 
TOPHH, HCXOMAWHX H3 Hayala KOOpAHHAT (OHH BCe OyAyT ONTHMAJIbHBIMH)# 
mocue wero, «3aMOMHHB» BCe TOUKH (a30Boro IipOcTpaucTBa XY B KOTOPBIX 
MPpOHCXOAAT He PpeKJIOYVEHHA, COCTABHTb «MOBEP xX HOCTb mepekKsio4e HH» (Ce € 
TIPpOH3SBECTH Clit veers ONTHUMaJIbHbIxX ynpapaeHni). 


rpaHHuk U mpeycraBssetT coOoh napadienenunel, onpeqesieHHbIM B NpocTpaH 
cTBpe E’ HepaBeHCTBaMH 


Che <— UP Bs, sOieeenl ee eee (il 


HMHaue ropops, MbI OyjjeM PacCMaTPHBATb CJIy4aH, KOrZa KaklaA H3 BeJIHYHH 
wu’ B ypaBHeHusax (1) mpezcraBiaeT coOokH OTIeIbHEIN ynpaBsAolHi napa- 
MeTp, OO1aCTb H3MCHEHHA KOTOPOrO He 3aBHCHT OT 3HaYeHHH OCTaJIBHbIX ynpa- 
BJIAIOWLMX WapaMeTpOB HM 3afaeTcA HepaBeHcTBom (11). 

B 9ToM CJly¥ae CxeMa, YKa3aHHas BbIllle, MOET ObITh 3aMeHeHA Ooee po: 
CTOH CXeMOH, H300paxKeHHOH Ha puc. 2, npHuem 


sre 


1 
i= >} tha UF , Mpa bee Ae Nas 
Gas 


f2 
e' hp ete : 
ue = s+ y——, pHl,..,r. 


STH PopMy.ibl MoryT ObiTb BEIBeZeHbI U3 (7), (8), (9) HIM ZOKasaHbI HeMOcpez- 
CTBEHHO. 


MatemaTHuecKHit HHCTHTyT HM. B. A. CrekoBa  Tloerynusto 
AkayemunH Hayk CCCP 9 ITT 1964 


UHTHPOBAHHAS JIMTEPATYPA 


1B. YF. Boatsauckui, P. B. PamKpeaugse, Jl..C. Toutparunu, JAH 
110, Ne 1, 7 (1956). * P. B. Tamxkpeaugse, Mas. AH CCCP, cep. matem., 22, 449 
(1958). °B. YT. BoatsaucxKuh, JAH, 119, Ne 6, 1070 (1958). 4 JI. C. Moutp a= 
ruu, YMH, 14, Nel, 3 (1959). 5B... BouatancKrui, P.B. Tame peawas of 
JIC. Youtpsaruu, Mss. AH CCCP, cep. matem., 24, 3 (1960). _ 
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Jlornagn Akanemun nayr CCCP 
1961. Tom 139, Ne 2 | 


i) 
i MATEMATHKA 
T. F. FEFEJIHA 


, 0 CBOHCTBAX MHOPOMEPHDbIX CHHIYJISAPHbIX MHTEPPAJIOB 
} B IIPOCTPAHCTBE L, (8S; 9) 


(ITpedcmasaexo axademuxom H. H. Mycxeauuweuau 6 ITI 1961) 


+: Pticaricg 


Pol. Myer Em44— 2BKMIOBO TIpOCTPpaHCTBO; KAAS seat es) 
y (Hr, ements). 2421, -)< - , Zn4i);. . . — TOUKH STOTO SPOE RRS O60- 
3Ha4HM Yepes TF (x, Y) paccTosHne MexKIy TOUKAaMH XM y, a 4epes C (z; 6) — 


ap C WeHTpoM B TOUKe z H payuyca 6. Ilycth / — mpou3BONbHad NpaMas, 
MIpOxosamai ywepes Touky Zz, a 6 — HpoOu3BObHOe NOAOMKUTeMbHOE INCAO. 
§ O6osHauuM uepes H (/; 46) Kpyrapiit wunnHAp BeIcoTol 26, ocbIo KoTOporo c.ly- 
}oxur /, weHTpoM cCHMMeTpHu — TOUKAa Z HM payc OCHOBaHHA KoTOporo 
papeu 6 
_ Ilyets S — orpanuyennoe, 3aMKHYTOe HJIH pa3OMKHYTOe -MepHoe MHOrO- 
soOpasve H3 mpoctpanctTsBa E,,.;, (MHowecTBO S OyeM CUHTaTh 3aMKHYTHIM), 
/oONaarollee CJIeyIOUHM CBOHCTBOM: KaxKOH TOUKe z MHOrooOpa3HA S MoxKHO 
| MOCTaBUTb B COOTBETCTBHEe MOIOKUTeMbHOe UHCIO 6 H HEKOTOPy!O NpxAMOYTrOub- 
| HYy!O CHcTemy KoopaMHaT (Xi, ... , Xm) C HaYaJIOM B TOUKe Z TAKHM O6pa3som 
YTOOLI YacTb S, 3aKIIO“eHHad BHYTpH Hf (X,,.,; 6), onycKada upeycTaBlenue 
Siig =) (i,...,1n), THe ,.--.,Nm+1— KOOPAMHAaTE! TOUKU 
YES () A (Xmas; 6) B cucteme (X1,..., Xmii)} Y — OMHO3SHAUHAA (yHK- 
‘HA, opefesenHan Ha t (z; 6), a t (z; 6) — mepeceyenue mapa C (z; 4): c ru- 
TieplJOcKocThIO, NpoxosAulel yepes Zz H NepnenquKyApHou ocu X,1,. Kpome 
‘Toro OyfeM C4YHTATb, 4TO CyINeCTBYIOT HeMpepbIBHbIe YaCTHbIe se one 
“nepporo Nopslka *yHkunH y B oOMacTH Tt (z; 5), Mpnuem y (0,. AD) a 
Cm OV On, =O (k= 1,...,m) u ow (Oy/dn; Ot* (k= 1,2. 5m) 
“unterpupyemt B HHTepBae (0, 1), rie w (Oy/On,; )' — monya HenpepprB- 
“HOCTH @yHKunH Oy/On, B oOsacTH t (z; 6 
' Ilyecth na S 3anana (m + 1)-mepHan CHMMeTpH4Has Nees Az; (y) I, 


| _ oOmagaioulaa CJI€LYIOULMMH CBOHCTBAMH: KBaypaTHuHaA (popma >) Ai; (y) t:ti — 


_HOOKUTE AHO gap cnenia B Kank qOH Touke ¥ MHOrooOpasua S uw cbyHKUMH 
w (Aj; tt! (i,j =1,...,m +1) unterpupyempr B uHTepBaze (0,1). 
PaccmMoTpuM onepatop 


rie 
mot * m1 
LB e{y.x) = [[ Gi —ye Io (yx), PY, *) = Dy Aur (y) % — ys) Or — 9), 
: ca, i, j=1 
,(i=1,...,m +1) uw A — mpon3BouUbHble lesble HEOTPHUATeJbHbie WAC; 


A—m= oy i; — HOMOKUTeMbHOe HeyeTHOe YNCIO; @ (y) — NMOTHOCTb UH- 


verpana; dS, — 3eMeHT miomlanu MHorooOpa3Ha S B TouKe y, a MHTerpad 
279 


Pas 


MOHMMaeTCA B CMBICJIe TIaBHOrO 3HAYeHHA: 


\ ky, eds, =lim | ky, )@ ) dS, 
iS Bohs.) 

re S (6; x) = S—S (x; 6); S (x; 6) = S () HG); 5); (x) — nopmanee 

MHorooOpasua S B TOUKe X. 

B nacTosmei craTbe pacCMaTpHBaeTcA BOMpoc 06 OrpaHH4eHHOCTH onepa- 
topa K. B mpocrpauctBe Ly (S; p), rae p > 1, a p (x) — HekoTOpaad HeoTpH- 
WaTeIbHan H3MepuMas dbyHkuNA Ha S. QToT BOMpOC MpH HECKOJbKO HHbIX Mpeyl- 
MOJOKEHUAX M3yyasca B paOoTax (*~’). B ctTaTbe BEIBOAHTCA PopMyla Mepe-. 
CTAHOBKH MOpAKa MHTerpHpOBaHHA B MOBTOPHBIX CHHTYJAPHbIX HHTerpamlax 
ykasanHoro Tuna. AHanoruuHble PopMysbI Momyyenbt B pabotax (*,°-1). Bee 
3TH BOMpOCbI B Cuy4ae CHHTYAApHOrO MHTerpasa Tuna Kou u3syyeHbi B paboTax 
(1213), 

2. Teopemal. Ecau @ (y) GL, (S), mo Ks, seanemca oepanudennoim 
onepamopom, nepesodsuuum Ly (S) 6 ce6n. 

TokasatreabcTsBo. JloctaTouHo noKa3aTb OrpaHuyeHHOCTb Olepatopa 


T()y= \ ky, Yew dS, 


S(z; 8) 


Ha Ly, (S (2, v)), THe Z— MpOH3BO.IbHaAd TOUKa MHOrooOpa3sua S, 0 < v < 4, | 
a 6 — fojOKUTeIbHaA MOCTOAHHaA, YYAaCTByIoulad B ompegesenun S. O6o- 
3HauMM Yepes E1,..., Emi HMI, - - -, Nm+1 KOOPAHHATHI TOUeK X H Y B CHCTeMe 
(Xu, --. « .Xmis), 2 Tepes € Hi —TOuKH (Er, eee ee me 
ByleM YMeTb 


Xi = 2 = »y aij&j, ob (y, x) =, >) Bi (y) (5: ia Ne) (5; zs ni), 
j=1 an, Jah (1) 


Bi; (y) = >» Agi (Y) Gerd? (i, le ee ee hy) 


MoxHO TloKa3aTb, 4YTO onepaTop 7, MpescTaBuTca B BUfe KOHEYHOH CYMMbI 
onepaTOpoB C HEKOTOPBIMM OFpaHH4YeHHBIMH KOSPDHILHeHTAMH CJIELYIOWAX IBY xX 
THITOB: 


o * 


No(x)= \ n(x yoy) dSy, Mo(xy= \ SE MeO) do, 
S(z;8) aie oy ae Err) 


roe jn (x, y)|<r-™ (x, y) F (rv (x, y)); bynKuna F (f) ¢-' unterpupyema Ha 
(0. 5); 9, (M) = @ (y); dy — 9aeMeHT muOMagM KacaTeAbHOM rumepmsocKocTH 
B TOUKe Z MHOrooOpasusa S, 


za a bi Nee = a iif Sj eis ha : 
ee Il; Ea [2 OOremrem | 
NOCTOAHHBIe Vv; (1 = 1,..., m) yAOBMeTBOpAIOT TEM Ke YCAOBHAM, TO H Ay, a 
| ] dy (&) Oy. 
Ca (&) a Bij (x) hh ZB ane (oh i ao Brad, m+1 (x) ue 5 
! 5 Sy 


OrpanuuenHocTh onepatopa N., ovesuua, a orpanuuenHocts M, cueqyer 
u3 padot C. T. Muxauna (!,?) u A. Kangepona u A. Surmyuaa (3,4). 
SaMeTHM, 4¥TO Teopema | ocTaeTca cpaBeqMBOH HM B TOM cayyae, Korga 


n m+ : 
R(y, x) = 5) Ca(y) [] (te — i)" (re + Gan) “* or* one *, (2) 
k= ol 
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Tae n—HatTypadbHoe uNcwo; C; (y) (ke = 1,..., n) —HempeppiBnble dbyuK- 
WH Ha S; Ag, Me, Mp W pce lledble HeOTPHMATeIbHbIe UHCNa; ne + Mm, + 
+ tp —M=hyp +... tami ke (R =1,...,n)—nonomuTeAbHBIe  He- 


‘ueTHBIE uHca, a aha =O, x) 8 logp 16561 (9.x) (Reale ee) = BI 
» | | ares ollpeseseHHbie TaKHM Ke oOOpa3s0M, KaK H 6 = 6 (y, x). 
4 Teopema2. Ecau  (y) €L, (S, p (y)), ede 0 = [1 r ( (na2), 
ra <a Cm (p—1) (k=0,...,m<n); eae geen n): 
VEZ) €S, 20 — 2) (i 4 j; k, i, e da 0 eee) en On bey 0 onepamop "RK. 
| eee npocmparncméo Ly (S; p (y)) 6 ce6a uU ABAReMCA OepaHu4eHnoim one- 


pamopom. - 
WokasatTteabcTsBo. Jlocratouno noka3atb ciipaBeyMBOCTS TeOPeMBI 

'B WByx cayuanx: 1) Korma p (y) = r-* (y, 2), re Oa mM z€S, u 2) ko- 

Bia p(y) = r« (y, 2), rime in (5 aah ZS pas 

: a ae cayuaH 1). Mmeem . 

i 

i [Ke (| <c (KP (®) + KP (a) + 7? (x, DIK I, 

Tie / (x) =@ (x) r-*? (x, z) EL, (S); c — HekoTopaa NouoKUTeNbHaA T0- 

CTOAHHAA; 

2 


KP (xy =\ik UDI PY YY D/FW) AaSy, 
S 
Ky” (x) = 7 (x, 2)\| RY, x) | 7° &, ») | FY) |dS,, 
Ss 
B -- =a/p,6=0, ecan a/p <l,up=1, 6=a/p—l, ecan a/p >>|. C no- 
MOULbIO He€paBeHCTB, np HBeLeHHBIX B 3aMeTKax (°, 4), MoxHO NOKa3aTb, ITO 


Pe GAIKP H) aS; <e \(i Pas, 1,2) 


S 


Ve 3TOrO HepaBeHCTBa HM M3 TeopeMbI | HeTlocpeACTBeHHO CJIehyeT AOKasaTedb- 
‘CTBO Teopempl 2 B cayyae 1). AHanorMuHo paccMaTpHBaeTcA pees aye 


Teopema 3. Ecauq (y) €L, (S, » (y)), dep > 1,n ty) = il rvk (y, zt), 


j k= 
Be =o Oe (Pp 1) omens ny <n), Vp = S= Op. (Re ay le fh) 
p< <M, ey eS pa) + 2) (1 == pf; Ry ty | = Wd. s g)molenepamop 


Lol) = glk Hu, 9 W) dS 
ele 
E nh 
p(y) = TP Pe 2), 
eae" l,...... 3); of = — Oy (kK = m1 +1, . aN), 


| nepesodum npocmpancmeo Lp (S; » (y)) 6 ceOA U ABAKeEMCA OepanUu4eHHolM One- 
| pamopoem. 
i | SaMeTUM, 4TO Teopema 2 ocTaeTCH CIpaBeqIMBOH, ecJIK 


| o (y) = || r** (y, 2) lg’*(2dr-1 (y, 2)), (3) 
\ k=1 
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rie o, (k = 1,..., 1) yoBaeTBopsioT ycioBHaM Teopembl 2, d = div S, 
a Pp, — MPOMSBOJIbHbIe Wedbie UHCAa. STO npewowKenve WOKa3sbiBaetcs, TaK Ke 
Kak TeopeMa 2, C MOMOM[bIO HepaBeHCTB, MPHBeAeHHbIX B 3aMeTKe (44). Anauo- 
rHuHoe o6o6uleHHe MolycKaeT Teopema 3. ; 

Teopema 2 4 3, a TakxKe HX OOOOMeHHA, yKa3aHHble TOMbKO YTO, CIpaBex- 
JIMBbI H B calyyae k (y, x), oOMpezemenHoro dopmywon (2). Bonee Toro, B Jo- 
KagaTeibcTBax Teopem 2 u 3 UCHOUb3yeTCA TOKO TOT cbakT, ¥TO Ky — orpa- 
HHYeHHDI onepatop B Ly, (S) u ky, x) = O(r—™ (x, y)). 

3.. [lyctp . 


m--+1 


BO (y, eo yxy 2) CHR ee ec 
i 
rae Cy’ (y) (k = 1,..., m + 1) — HenpeppiBnpie dbynkuun Ha S, a B (z)= 


= det || B;; (2 |" ;-1, rae B,; (2) onpenenenti 43 dopmywpi (1), OGosHauuM Yepes 
b;; (2) oTHOWeHHe areOpanueckoro JomomHeHva smemeHta B;; (z) B ompefe- 
sutene B x camomy B, a uepes d; (z) — BbIpaxenue Dice (2) Gpj, Tile — dey 
ompememenb H3 (1). 


Teopema 4. Ecau @ (y) EL, (S; p (y)), 20e p(y) — bynkuyua, yuacm- 
Zyiouan 6 meopeme 2 uAU onpedenennas Mopmyaod (3), mo 


\ 2 (y, 2) dSy\ k™ (x, 9) @ (x) dSx = \@ (x) dSs\ 2 (Y, 2B (x, dSy — 


ES) Ss Ss Ss 


w+ e> b-; (z) a (z) a? (z) 


4. CcbopMyJIMpoBaHHble TEOPeMbl MO3SBOJIAIOT H3YYHTb HHTerpaAbHple ypaB- 
HeHHA, COJeprKaulHe yKa3aHHble CHHIYJIAPHble HHTerpaJbl, PacimpocTpaHeHHble 
Ha pa3OMKHYTbIe MHOTooOpa3sHaA. 


TOHJHCCKHH = MaTeMaTHUeCKHIt HHCTHTYT TlocrynHio 
um. A. M. Pasman3e 3 II 1961 
AxkajemHH Hayk Fpy3CCP 


WHTHPOBAHHAA JIMNTEPATYPA 


CT. Maxan mn, YMEH, 3,83, 29) (1948) ee aCe ee erea uterine Sc Tomek tare miee 
28 (1957), * A. Calderon, A. Zygmund, Acta (Mathig988, Neo I-27 co 4952). 
*VW.A.Uykosu4, Yu. 3am. Kumuyesck. roc. yHuB., 5, 3 (1952). by AeeGal drenno nas 
A.Zygmund, Am. J. Math., 78, Ne 2, 289 (1956). ° E. Stein, Proc. Am. Math. Soc., 
8, No 2. 250 (1957). 97 TE. re Perenuay | CooomipAlielpyee Ces 20; Nou om looo): 
8 F, Tricomi, Math. Zs., 27, 87 (1928). *®G..Ginawd, Ann. de l’Ecole’) Norm: 
Sup., 3-e ser., 51, 251 (1934). 1° A.B. Bumagxse, JAH, 93, 389 (1953). | A. B. Bue 
a3 e, Coo6m. AH IpysCCP, 16, 177 (1955). @H. HW. MyexeaumBuau, Cuury- 
JIApHble HHTerpasbuble ypapHenua, M., 1946. #%5B..B. XBenmeauAse, Tp. T6unucck. 
Matem. uHcT., 23, 1 (1956). 147. T. Teréeawua, JAH, 185, Ne 4, 767 (1960). 
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POR ami ag Mi tie PE = ™ = ~ - 
wate PONE DE LL EDDIE ALLEL DEORE EAN ALT NATE NAY PENN 


Aornzagn Akawqemuu nhayr CCCP 
1961. Tom 139, Ne 2 


MATEMATHKA 


A. E. TEJIbMAH 


Ms O MADQKOPAHTHbIX YPABHEHHAX 


(ITpeccmaeaeno axademuxom B. H. Cuuprosom 4 IIT 1961) 


B moHorpagusax (',”) JI. B. Kanroposny, BBeqat NOHATHE MaxKOpaHTb one- 
paTopa, uccieqoBa onepaTopHoe ypaBHeHHe BHA 
| 


B By-w B-mpoctpanctBax, yCTaHOBHB PA, BaKHbIX Pe3yYJbTATOB OTHOCHTEJIbHO 
ero pemienusa (B (7) onepatop U (x) npeqnomaraetca pH 3TOM HenpepbIBHO 
Aucepenuupyembi). 

B HactostweH pa6oTe BBeeHO MOHATMe CTporolt MaxKOpaHTb! OnepaTopa, 
MO3BOJMBIIee CCPOPMY/HPOBATb HOBbIH MpPH3HaK CYMIECTBOBAHHA pelleHHA WA 
onepaTOpHoro ypaBHeHHA Bua 4 


y= Q(y) 


B NOJIHBIX METPHYCCKHX MPOCTPaHCTBAaX, a TaKiKe YCTAHOBHTb JIA Hero pA, KO- 
JIMYeCTBEHHBIX PE3YJIbTATOB; TPH STOM Ha onepaTop {2 He HasraraeTCA yCJIOBHH 
Oonee OFPaHHYHTeJIbHbIX, 4YeM 3TO JeslaeTCA B UpHHuNNe baHaxa. 

Tloka3aHo, 4To Ia OfHOTO Kylacca MeTpHyeCKHX MpocTpaHcTsB (comepxKa- 
mero Kiacc B-mpoctpaHcTB) yaetca sddeKTHBHO NOCTPOHTb B ONpedeseHHOM 
‘CMbICJI€ HaWJIyYlryio H3 CTPOrMx MaxkopaHT. Pe3ybTaTbl, NOJyyaeMble B ITOM 
Ccydae, MPHHWMNKaIbHO HE MOrYyT ObITb JOCTHTHYTH NPHMeHeHHeM NPHHUHNA 
Banaxa. 

ByfemM ynotTpeOaTb o6o3HaueHHA: Y — MomHGe MeTpHy¥ecKoe MpocTpaH- 
eTBo; {2 — onepaTop, 3afaHHbii Ha Y, rpwyem &(Y) CY; Sr (yo) — muo- 
7KECTBO 3JleMeHTOB Y, YOBJeTBOpAIOWIHX yecsloBHIO p(y, yo) < R (R > 0); 
F (x) — BellecTBeHHad (byHKIMA BellleCTBCHHOrO apryMeHTa, 3afaHHaA Ha 
Miah. 

Onpegenteuune l. Byzem vasnpatp pynkuuio F (x) cTporok 
MaxkOpaHTOH onepaTopa 2 (y) B Sp (yo), ecmu: 1) ona Bospacta- 
eT M BbiltykKta; 2) p [yo, 2 (yo)] < F (0); 3) m3 yi © Sp (Yo), y2E Sr (ye) u 
Yi aeeaye. CUCLYCT 


p {2 (ys), 2 (yi)] — _F [e (Yo, y2)] — F lp Yo, ys] 
p (Y2, Y1) i 2 (Yo, ¥2) — 2 (Yo, Y1) 


MoxHO Hoka3aTb, UTO AIA Toro, TOOL! onepatop @ (y) HMem B Sp (yo) 
CTporylo MaxkopaHTy, HeOOXOAHMO H jocTaTOUHO, YTOObI OH B Sp (Yo) yAO- 


BaeTBOpAA ycoBHIo Jina. 
Onpegenenne 2. Ilyctp M (yo, &) — MHoxecTBO Bcex NOJOKUTENb- 


HbIX "HCen rf, O6NAMaIoUIHX TeM CBO/ICTBOM, 4TO B S, (Yo) J@KUT AMib O2HO 
pelleHve ypaBHeHHA 


y = Q (y). (1) 


* Ecau p (Yo, Y2) =p (Yo, Yi) = Xo, TO MpaBylo 4aCTb HepaBeHCTBa CNekyeT NOHMMATb 


KaK BepXHIOWO Mpon3sBoRHyIo F (xX) B TOUKE XX. 
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— 


OuvesugnHo, M (yo, 2) — wuHtTepBas (ObITh MOET nycroii). ByseM Ha3biBaTb- 
ypaBHeHue 
ee ey (2) 


yocTpOrO MaxkOpaHTHBIM Jaa ypaBHenua (1), ecan M (0, F) C 
GaMilya, 2). 

Vis ompefeiteHia BUAHO, UTO, CCH ypaBHeHHe (2) ABAAeTCA Yo-CTporo Ma~ 
KOpaHTHbIM Ia ypaBHenua (1) H M (0, F) we nycto, T. e. M (0, F) =(a, 0), 
re a < 0, To: 1) a ecTb HAaHMeHBUIMH KopeHb ypaBHeHHa (2), a 6 — 1H60 BTO- 
pol Mo BeHUMHe kopeHb (eculH 6 < R), AMOO MpaBLI KOHeIL NMPOMeKYyTKAa 
3aqanua dyuKkuun F (x); 2) ypaBHenne (1) HMeeT pellienHe y, yHOBeTBOpsiollee 
HepaBeHcTBy p (Yo, y) < a; 3) ecu ypaBHeHHe (1) HMeeT pellleHHA, OTMUHEIe 
OT Y, TO BCe OHH JexaT BHe Sy, (Yo). 

Teopema 1. ITycmo F (x) —cmpoear masctopanma onepamopa 2 (y) 6 
Spr (yo). Toeda ypaenenue x = F (x) ABAReMCA Yo-cCMpoed MAMCOPAHMHbIM OAA 
ypasHenun y = Q (y). 

V3 TeopeMbI ACHO, UTO 3HaHMe CTpOrol MaxKOpaHTbI OMepatopa 2 (y) RaeT 
BaKHbIe CBEMCHHA O pellieHHH ypaBHeHua y = 2 (y). IlpuBemem OfHO cBOHCTBO 
CTPOruxX MayKOpaHT. 

yctp R — Han6oupmuk “3 paguycos cep Spr (Yo), B KOTOPbIX OMepaTop 
Q (y) yqoBleTBopsxeT yculopHto JIunmuna. BBefmem B paccMoTpeHHe tbyHKUHH 


f(x) uw F (x), 3amanupre ua [0, R): 


Se a ; p [2 (y2), 2 (y1)] ~ F 4 
1) a a ce 9 (Ys, Y1) ? F (x) == 10 Lyo, Q (yo) | ate \f (t) dt 
ge a x s 


Vimeet MecTo mpoctoe 
peanomenne. Ecau F (x) — cmpoeaa maxopanma onepamopa Q(y) 
Had Spr (yo), mo xa npomencymKe [0, R) umeem meemo Hepasencmso 


F (x) > F (x). 


B CBA3H C 3THM BaxKHO H3Y4HTb BOTpoc: Bcerga AH pyHKuMA F (x) aBaneT- 
CA CTporow# MaxkopaHToH omepaTopa 2 (y)? Mbt He HMeeM OTBeTa Ha 9TOT 
BOMpoc B CMyyae, Korya Y — TpoH3BOAbHOe NoWHOe MeTpHYecKoe NMpoctpaH- 
CTBO. YaeTCA, OMHAKO, YKa3aTb K1acC MIpOCTpaHCTB, B KOTOPOM Ha 93TOT BO- 
MpOC MOXHO OTBeTHTb ToMOKNTeIbHO. TlomyyeHHBIe B 3STOM HalpaBJieHHh 
pe3yJIbTATbI H3O%KeHbI HIKE. 

Onpexeneuue. Byzemua3ppathbA-1 pocTpaHCTBOM (m0 uMe- 
uu A. JI. AnekcaHyposa, BHepBble paccMOTpeBIero MOXOOHBIe OOBEKTHI B MO- 
Horpadun (*)) nomHOe MeTpHuecKoe Npoctpanctso Y, oOmaarollee CenyIOuluMu 
CBOHCTBAMH: 

1. Kaxkgple Be TOUKH STOrO MpocTpaHcTBa y1 H Ye MOryT ObITb COeAHHEHbI 
KpHBon ** L (y1, yz), BC@ TOUKH KOTOpOH TakwKe NpHHannexat Y uM ANHHa Ko- 
TOpOH paBua op (y1, y2) (cyllecTByeT KpaTuatiuias). 

2. Us y EL (yi, yz) H yo€ Y caenyer 


— PUY, 91) 


P (yo, y) Se (yo, yi) SS P (Yas Yi) [p (y2, Yo) pate (y1, yo) |, 


* Ecaw HaMeHbuIMh KopeHb x1 ypapHeHua (2) KpaTHbrii (T. €. x1 eCTb TOUKA MHHHMyMa 
cbyHkunn F(x) — x), To upH onpenenenun M(O, F) MbI cunTaeM ero 3a (Ba paBHEIx KOpHs. B stom 
cnyuae, ouepugno, M(0, F) mycrto. 

** Mb! TOHMMaeM 3feCb TepMHHbI <KpHBaa» H «AHA KpHBOliy TaKxKe B cMBICNe A. JI. Anex- 
caHAposa (°). 

*** Mbi Naem HHOe ONpeqeneHHe BLINYKMOCTH MeTpHKH, 4eM B (°), 
ews 


23 Gh 


SO 1 thet 


a ee ee 


ETE 


Jlerko BHaeTb, uTO B-mpoctpamcTBa aABAlOTCA YaCTHbIM cayyaem A-npo- 
CTpaHCTB. 


Teopema 2. Ecau Y ecm A-npocmpancmeo, mo F (x) — cmpoeas 


Manxopaxma onepamopa Q (y). 


B cayyaax, korga f (x) oTan4uHa oT mlocTOAHHOH, F (x) aBumeTcH cTporoH 
MaxKOpaHTOH oMmepatopa & (y), M (0, F) He nyctro u 6 <R, oueHKH, Tomy- 
yaeMble JIA pelienHaA ypaBnenua (1) Hu Aa OONaCTH EMHHCTBEHHOCTH, He MOryT 
ObITb NMOJYYeHBI C MOMOMIbiO MpHHWHna Banaxa (9TO BHAHO, HaMpHMep, H3 
toro, uTo M (0, F) cogepxxut Touku, rye f (x) > 1). 

B 3aksi04ueHHe 3aMeTHM, 4TO TeopeMbI | Hu 2 KpaTKOCTH pagqu ccbopMy.IMpo- 
BaHbl 3feCb B HECKOJbKO OCMaOJIeHHOM pekakiluH. 


JleHHHTpakCKHH 3Je@KTpOTeXHHYeCKHH HHCTHTYT Tocrymuao 
uM. B. WH. Yabsanosa (JleHHHa) 23 eit oG! 


HWHTHPOBAHHAH JIHTEPATYPA 


1yiB. Kautoposuy4, Bb. 3. Byaux, A. IT. WnucKkep, ®ynkunonarpypi 
4HaIH3 BNOMyyNOpsAROveHHEIX MpoctpancTBax, M.—J]., 1950. * JI. B. KantToposuy, 
Pr. Wf. AkwaosB, MyHKWHOHaNbHBIH aHanH3 B HOPMHPOBaHHbIX mpoctpaucrBax, M., 1959. 
SA... AnekcauHapor, BuHyTpexHHax reomeTpHA BLIMyKJJIbIX noBepxuocteli, M.—JI., 


1948, 
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Jloxaanm Akagemun nayx CCCP 
1961. Tom 139, Ne 2 


MATEMATHKA 


Bb. JIEBUIEHKO Wb 
0 BECKOHEYHOMEPHDbIX NPOCTPAHCTBAX 
(I] pedcmaeaexo axcdemuxom I], C. Aaexcandpoesim I8 IIT 1961) 


[leppas uacTb 3aMeTKH NocBAMeHa OOOOuIeEHHIO Teopembl [-ypesu4a 00 oTOOpa- 
2KCHUAX, MOHMMKAIOWMX PpasmMepHocTh (cM. (1), cTp. 127), Ha cma6o6eckKoHedHO- 
MepHBIe mpocTpaHcTga *. Bo Bropow wacTH 3aMeTKH JjBa mpHMepa. Ilepspiii 
o6o6ujaeT mpuMep KomMaktTa, nocTpoeHHoro IO. M. Cmupxospim (*), He pac- 
nagaiomeroca B CYMMY CueTHOTO 4HCIa 3aMKHYTbBIX KOHEYHOMEPHBIX 
MHOMKECTB, HO OGJlaaoimero TPpaHC*HHHTHOH PaSMePHOCTbIO HU, 3HAYHT, pac- 
najarouleroca B CYMMY C4eTHOTO 4NC/a HYJIbMepHbIX MHOKecTB. Bropow noKa- 
3bIBaeT, UTO JaxKe JIM KOMMAKTOB TeOPpeMa CYMMbI He BepHa ye TPH ABYX 
cuiaraembix. TlonyTHo JoKasbipaeTca, 4uTO Aaa KomnakToB Q* IO. M. Cmup- 
Hosa (*) majaa ** tTpaHcHHAuTHad pa3MepHOCTb MPpHHHMaeT CKOJIb YyrOHO 
6O/lblIve 3HaYeHHA. 

{, Ha3ospem mpoctpauctso R clado0-O6eCKOHEYHOMEPHHEM B 
cmMucae Il. C. AnekcauHyAposBa Hu OyzeM B 3TOM CyYae NMCAaTb 
Dim R< &, ecau fui mo6oh cyeTHOH CHCTeMbl Tap 3aMKHYTHIX MHOKECTB. 
A;, B; Takux, uto A; \B; = — pu Bcex i, CyleCTByIOT 3aMKHYTHbIe Tepero- 
pogku *** C; mMexay A; u B; c nycTbIm Nepeceyenuem: ~ C; = ¢. 

Teopema l. Ecau Ouxomnaxkm X seanemca cymMmol 3QMKHYMoLxX MHO- 
oeecme D, pasmeprocmu Dim ®, < S& u makux, 4mo OaA KadKdott oKpecm- 
Hocmu O®, aw6oe0 mHoocecmea D, Hatidemca menowan oxpecmxHocmoe U®, 
c epanuyeti | UD, | pasamepHocmu Dim| U®,|< &, mo u Dim X < NN. 

Teopema 2. Ecau 6ukomnaxm X omobpastaemca 6 OuKomnakin Y, 
obnadarolul Manou mpaxcpunumnot pasmepHocmeto, mak, umo Dim fjty <_N 
Onan KancOot mouku yeY, mo Dim X < &. 

CnueactBue. Beakui 6uxomnakm, o6aadatouud maaoli mpaxrcpurnum- 
HOU pasmepHocimet0, CcAa6O-ObeCcKOHeLHOMepeH. 

OTH OCHOBHEI€ pe3yJIbTaTbl JOMycKaioT JalbHetiniMe o6oOmenua. TIpey- 
BapHUTeJIbHO Ha3OBeM IipoctpaHcTBOR caGOo-GecKOHEYHOMEPHHM 
BcMpcuae IO.M.CMHpHOBa HX 6yjeM nHcaTb B 3TOMCAyyae dim R< XN, 
eCIH B HpeLbyuleM OlpeleteHuu NoTpeOyeM, 4TOObI Hach NeperopoxKH 
C; ¢ NycTHIM KOHe€4YHEIM Nepeceyenuem: (| C;=¢, rye nm 3aBHCUT OT 

<n 


cuctempl nap {A;, B;}. 
Teopema 1’. Ecau cuabxo-napakomnakmnoe **** npocmpaxcmeo X 6- 
ANEMCA CYMMOLL BaMKKYMoLX mHoocecme OD, pasmepHocmu dim MB, << & u ma- 


* TIpocrpanctpa BCiOAyY NpesnmosaraioTca pery#pHbIMH, a OTOOparxkeHHA — HenpepbiB- 
HBIMH. 

** Takum o6pa30M, CyleCTByIOT KOMMaKTbI CKOMb yrOQHO OOubIOH TpaHc(pHHHTHOH pa3- 
MepHOCTH — (paKT, CUHTABLIHCA H3BeECTHBIM, HO He OOHapy?KeHHblli B AuTepatype. IO. M. CmupHos 


AoKaszaa (7), UTO [VIA BBELEHHOM HM OO/bUIO! TpancpHHHTHOL pasmepHoctuH IndQ* = a. PaBencTso: — 
indR = IndR noKa He AOKa3aHO axe Win KOMMAKTOB. 

*“* TleperopoyKoii Bo mHomecrse S mexkyy mMHoxecTBamn A u B Ha3bIBaeTCH BCH- 
koe Takoe MHOKecTBO C, uroO S\C = GU H, rae G wu H — nemepeceKalollnecd OTKPBITHIe: 
B S MHOokectBa takue, uo ANSCGu BOSCH. 

**** TipoctpaHctBo CHM bHO-TapaKOMMAKTHO, eCIH BO BCAKOe eFO OTKPHITOS 
NOKPbITHE MOMKHO BUKCATHS BES RHO-KOHe YHOE NOKpbiTHe(*),T.e. Takoe, YTO KaKPbIit 
ero SJIEMeHT MepeCeKaeTCA JIMMIb C KOHCYHBIM YHCJIOM APYFHX BieMeHTOB. Bcskoe NpocTpaHcTBo 


Co CueTHOH Oa30ii H Waxke BCAKOe (PHHAIbHO-KOMMAKTHOE (AHAeeOBO) MpocTpaHcTBo — CH.1bioO~ 
apakOMMakTHO, 
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KuUx, “mo Ora Kaxcdot oKpecmHocmu OW, «ato6o2e0 muomecmea P, natidemcs 
MeHbUaA OKpecmHocms UD, c epanuyet | UD, | pasmeprocmu Dim ; U®,|< &, 
‘mou Dim X < NN. 
Teopema 2’. Ecau f — 3amkxymoe nenpepoienoe omobpasicenue CuUAbKO- 

napakomnakmHoeo npocmparncmea X 6 npocmpancmeo Y, npedcmasumoe 6 
; eude cYyMMbL C4emHozo ae nodnpocmpancme, uMerOLUX mpancipunumnHyIO 
ee. mak «mo dimf*(y) << ® Ova Kaocdot mouku yEY, mo 
Dim X < NN. 
| Caemeteue. Beskoe cuscno-napakomnakmuoe npocmparncms6o, obaa- 
daroiwee MANO mpaHncPuHUMHotL pasmepHoOcneto, cAaab6O-GecKOHe4HOMepHO. 


JLowae ares bcTBoO ie 1g ae {A BABY 
| cueTHad ClicTeMa Map TakHXx, 4TO A’ =A. 3B =d. Tak kandi ©, -cN, 
To B M, CylecTBYIOT MeperopolKu Ch mMexny A‘ u TakHe, 4TO a Co ae 


n(a) 


Tak Kak X HOpMaJIbHO *, To cyllecTByioT oKpectuoctu U®, H wexallue B 
LU®,] Heperopoxku C, mMexny A’ u B’ taxue, auto Dim| U®,|< & u 
(i C =. B moxppiruve {U®,} BouuieM 3Be3QHO-KOHEYHOe MOKpbITHE w. 


ie 


ae Pete ancercn Ha MOMCHCTeMbI >) TaK, UTO KaK]ad H3 HUX CUeTHA, a Tella 


R>, = ©, — OTKPBITO-3aMKHYTHI H WoMapaHo He. nepecekalorca (°). .Tlyers 
@7, = {Uj} ua (Aj) TaKoBo, uTo U,;C UP.a;,. Tyceth Vay = Ra A DU aay, 
a Cj = Ri 0 Cary), i <n (a) =n (Aj). Tipopenem yoxa3atenpcTBo BHYTpH 


a 


SEE NNN Se gen 1-01 ea 


HekoTOporo KycKkKa R = Rj, oTKHHyB HHeKc A. Ilyctb BS», = [J IV;] no- 
| | a ga iar 

cTpoeHbI Meperopomku D;,, rae i <n (m), Mex Ly A’ « B taxve, uto 
, () Dr = LJ ey HW ITYCTb in \ pi, == Gay / Tas rye Gi, M He =~ Helie= 
S i<n(m) i<m—1 

pecekaiolimecd OTKpbiTbie B S,, OKpPeCTHOCTH MHOxKeCTB A’ GSD. oy See 
' Anaworuyno, WV nse a Nee a Gnt it 4 Ama; wile Gina i \ Hts = Q, 
PAPO Wa) S Gn HBO Wings] S Hines. Heperoponkt Dmis B Sms 
mpH ign(m) nonyanm Tak: ; 

jS zaees == Be — (Swick EN Cet SS ee) VY ClSie res [Viney 1] SS (G41 a Haan 
r rye Gay a ys aS (Sin NG Ge) AG (Vin ty] mS Ge 1), Has A: ho = 5 phe x (Sie Xo Gia 

DS [Vina] x Hin41). IIpu n(m)< i <n(m + 1) neperopogKku Di Bice — MIpous3- 

BOJbHBIE 3AaMKHYTHIE NeperopoxkH B Smi, Mekty A’ wu B’ takwe, uTo 
Dit PV — Cri. Cymma D° ='(J Dj, ABAMeTCA TleperoporKoli B KycKe 


Mm 


Ria Mexny A’ u Bi u Dd eh (SalSuUl| Veale Taken Dun. V) aon 


m 


to (4) Dim D’ <N, u, 3HaunT, B Q) D’ cymectBy1oT neperopomKu & MexK]LY 


Saag aoe 


Pe) ee 


A‘ u B raxue, uto ()C. = ¢. Torna B R, = R cyulecTByioT MeperopogKH 
; 


Di MexK Ty A‘ u Bi TakHe, 4TO Di {aN yD — Cx SHauntT, NP. Cy np =%¢ 


u nappy (A’, B’), (A‘, B ‘) pasOuTbl B KycKe R, Kak Hajo. ee oKa3ana. 

Aokasateabeto ee a 2’ lycets X; = ("Yo indy , <a 

imeem: X; (J fy, roe dim fy <_S, u (B CHy 3aMkKHYyTOCTH oTOOpa- 
yeY ; 


i} Ke€HHA) B JO6yI0 OK peCTHOCTE OF yf ee MHOKeCTBA [~1Y MOXKHO BUIOXKAT 
| oxpectooctb U = Uf-ly, y ae ind {| U|<a;. C nomontbio WHY KIM 
vu Teopempl 1’ nonyyum, uto Dim X; <N. Ho Torga (*) uw Dim X < N. Teo- 


] pema jloka3aHa. 
6 Chay CHJY HOpMaIbHOCTH pery/APHOFO CHJbHO-MapaKOMMaKTHOFO MpocTpanctBa X, cM (°). 
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Teopempi 1 u 2 BbiTeKaroT 43 Teopem |’ u 2’*noTomy, uto dim R = Dim R 


quia OWKOMMAaKTOB (*). 
CnuenetBue. Tuxoxosckoe npouseedenue cara6o-6ecKoHerHomepHoeo Ou- 


KOMNAKMA HA NPOCMPAaHCMB6O, ABAAIOLYEECA CYMMOLL CHEMHOZO 4UCAA BAaMKAYMbLX 
mHootecmé, OOAAOaHWWUUX Malo Mpanc*unumMHOu pasmepHOcmebto, CAAO0-OeCcKO- 


He4HOMePHO 6 cmMbICAe AAeKcaHOpoed. 
Il. Teopema 3. Cywecmeyiom Komnakmet abou cuemHou maaouk mpanc- 


bunumuHol pasmepHocmu. 
3to Komnaxts! Q” IO. M. Cmupuosa (), ompenenaembie Tak: yepes Q” 060- | 


3HauaeM f-MepHbIit KyO; pH MNpesebHOM HHeKce B KOMMAaKT OF — KommaK- 
THpuKaHa AvleKcaH,poBa QucKpeTHo cyMMbI |) Q*; MpH H30JIMpoBaHHOM 


uuyekce f moslaraem oe = ‘eo < Q'. Hoxa3atTeibeTBo BeweTcCA NO HHAYKWHH 
CO CJIOXKHbIM MHLYKTHBHBIM IIpeAMOJIO*KeHHEM, C IPHBJIeYeHHeEM TeEOPeMbI CYMMbI 
JWIs| KOHEYHOFO YHCa MpocTpaHcTB, HMeIOWLHX TpaHCtpHHHTHYIO Pa3MePHOCTE. | 

Teopema 3’. Cywecmeytom Komnakmet arboil cuemxHol maaot mpanc- 
(pUuNUMHOL pasmMepHOcmU a, He Npedcmaéimole 6 Bude CYMMbL C4emHOeO 4tICA | 
noOKomMnakmoe menoiuletl pasmepHOocmu. | 

Toxa3sateuabcrTso. Ilycts /" —Ky6 ruab6eptopa Hapasuenenu- | 
nena 7°, y TOUeK KOTOpOro BCe KOOpAHHATH! y; = O mp i > n. Tycth D1 — 
KOMIaKT, FOMeoMOp®HHI Q*, mexkamui BJ” x J*,. Tanee no MHAyKWHH cTpouM 
KOMNaKTE! ®,, oOmayarouiwe CeqyiouluMu cBolicTBamMu: a) ®;c J” x J; u 
ind ®; =a; 6) 9; yy, D; HBTGae He TAIOTHO BS O,y7 By ecnH (x; Yi, 
-.35 90, 0,2...) € Bato (x, gr, Wy, 0; YAR Oe ee ene a0 
rye x @ I", (Yys\Gay aint Ye Oh cae) CAL sa RNY enc) he Om 
«1, Ecau nocrpoeubi komnakts! @1,..., ®,, TO KoMnaKT ©,., CTpouTcsA 
clenyroulumM oOpasom. [kaa uucen €; = | /3'"*) po3spMeM KOHEYHBIe &; -CeTH 
Kis. --+1 Xi) KOMaKta ©, TaKHe, aro" XG OF. p (xi, Dr) Sep ae 
Di Ox, Ae Cr. . B runepnaockoctu /° x I” x e;, nexameiis le x I", pac- 
cMOTpHM iappt Uj paguyca e;/3 c wenTpamM B TouKax x (fj <N (i), i= 

== [Ze 2) WB fas vee BO3bMeM ee Dats roMeoMop@Hbi Q* u 
rakoli, uto @i/ na ie Sento pee hat “+ O x 8,). Tlo noctpoexnio 
Oe [U Dia Ilyctp z =2 |) 28, ft ind “s =a; 2) E CeMHKOMMaKTHO *; 


3) Kakjoe. OTKpbitoe B E MHOKeCTBO HMeeT pa3sMepHocTb a. Ilo Teopeme 
E. T. Ckaspenko (°), B cutly 2), cymecTByeT KoMnakT F” , ABJIAIOULMlica pac- 
WIMpeHHemM MHoxkecTBa E, Tako, 4uTo ind (F’\ E) = 0. HeckoabKko H3MeHaa 
mocTpoenHe E. Il. Ckaapeuko, B CHJly CleIaHHbIX HaMH MpeocTopoxKHoctel, 
MO%KHO JOONTECA Toro, uTo ind F° = a. Tak Kak HMKakol KoMNakT H u3 F° 
pa3MepHocTH < @ HUrye He Mote BF’ (B cuay 3) ), TO F° He aBuJIAeTCA CyM- 
MOH CY¥eTHOrO YHCJIa MOAKOMMAaKTOB pa3MepHOCTH < a. | 

CrehcetTBHue. Cywecmeytom npocmpancmea co cuemnou 6a30t, s26AsI0- 
MUUCH CYMMOU CHCMHOZO 4UCAA HYACMEPHOLX MNODCECMB, HO HE ABAMIOLUUECA CYM- 
MOU C4eMHOZO 4UCAA BAMKHYMbLX MHOKCeCMé, UMEHOLUX MpaHnc*unumHAyto pa3- 
MepHocmb. 

IIpHMepoM TakOrO MHOKeCTBA ABAAeTCA YHHBepCaJbHOe MpOCTpaHCcTBO 
Harata (°). 

II pumep. ITlocrpoumM komnakT, ABJIAIOULMHCA CyMMOli JByX MOXKOMMaK-— 
TOB Me€HbIUeH TpaHCPHHHTHOM pa3MepHOCTH, 4eM OH CaM. OTO KOMITaKT ees: 


Ilo mpenbiqyuemy H mo Teopeme 5 u3 (7?) umeem: ind Oe ind Oe 


* ViMeetca 6a3a OTKPBbITbIX MHOKeCTB C KOMITAKTHbIMH PpaHHilaMH,. 
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b 
A 
ie? 


t 


' Dele 2a Det A Peet 77a lh) Pi, HP 
Wo 4. L. Ilyctb if oral U Gas ’ ony. )> Jn = el ( pn+l » 9n-+1 | ’ 
\ / i= : 


=0 
=e (Q" x f,)] wu B=1U(Q°J,)]. Jlerko sBunets, 4ro: ind A > wo: 


Ax B roMeomopdun; A UV B = Q°*'. Hoxaxem, uto Ind A < wo. Ilyctb 
| ® 3samkuyTo B A, a U — ero oxpectuoctb u OD’ = ® nm (E x Q)). Reece: 


s Q°' raxaa oxpectuocth V x G muomectsa ®’, uto VC Qin |V ii==9, 
a G—cymMa koHeuHOro 4HCa MHTepBaJOB (a;, b;) TaKUX, GTO Q™ xX a,c 


Hee BN AW (EX Q!) = Bu Q x CB u, Kpome Toro, [A \(V x GI CU. 


Tak kak O\ (VV x Gc C) Q’, To cylecTByeT OKpecTHoctb W < U Muoxectsa 
“®\ (V x G) c kKoHewHomMepHot rpanuueH. Torna PCWUVx Gc 
‘coc lWUYUVx@IcU uw WW YW x G) umMeet KoneuHoMepHyio §rpanuuy, 
“4TO HW TpeOoBasoch JoKa3zaTp. 
; ’_Burpaxkaio cepsesnyio OarolapHOCTb lO. ve CMupHoBy 3 3a TIOMOILb H MOL- 
[AePKKY, KOTOPYyiO OH OKa3aJl MHe B MOeli paGore. 


Mockosckuh rocyapcTBeHHbIii yHHBepCHTeT Tlocrynuso 
um. M. B. Jlomonocosa 3lL XII 1960 
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Horaangn Akragqemun na yr CCCP 
1961. Tom 139, Ne 2 


MATEMATHKA | 
r. C. JMTBHURUYK 


OB OAHOM 3AXAUE, OBOBINAFOWIEM KPAEBY!O 3AJA4UY 
KAPJIEMAHA 


(II pedcmaeaexo akademuxom I]. fl. Kouunot 3 IIL 1961) 


§ 1. Tlyers L — mpoctanx 3amKuyTas KpuBaa JlamyHoBa, JeaAmlad MI0C- | 
KOCTb Ha Be OONacTH: BHYTpeHHIoIO D+, coxepmallyio Hayao KOOpAHHAT, | 
W BHellHIOI0 D~, cojlep»Kalllyio GecKOHeYHO yaJleHHy10 TOUKy. PaccMoTpHM cule- | 
jyyroulyo KpaeByto 3amayy. 

Hatitu kycouHo-anauTHueckyio dyHKunIo P (z) no KpaeBOMy yYCJIOBHIO | 


a(t) © () +O () OF lal +eHOH +dHO WOl=hW wa Lif 
(1) | 


re PyHKuUHsA « (t) B3AHMMHO-OJHO3HAYNHO TipeoOpa3yeT KoHTyp L B ceOa C H3- | 
MeHEHHeM HalipaBJIeHHA OOXOfa Ha HEM Ha IIPOTHBOMOO7KHOe MH HMeeT TIPOHs- | 
Boguyro a’ (¢), OTMUHYIO OT HyJIA B TOUKAX L Hw yOBJeTBOpAIOMLyIo Ha L yc- 
Jospuio Tepgepa (a’ (t) ( A). Wipeanonaraetca TakxKe, uTo Ha L BbINOJHeEHO 

ycJIOBHe . 


a [a ()) =#. (2) | 


Kosdpuuventst a (ft), 6 (t),c (4, d( CH, ne o6patiaiotcs B HYJIb B TOU- 
Kkax L w yqoBseTBopsioT Ha L ycoBHAM | 


ati) ala] =b (0.0 lox@ly erie te (2) | 


dbyukuua h(t) C A. 
OtTMeTHM, ¥TO Mpeo6pa3soBanue a (f) HeOOXOAMMO HMeeT Ha L Be HENOABHDK- | 
Hbie TOYKH fi H fe. 
Sayauy (1) MooxkHO paccMaTpHBaTb Kak O6O06UleHHe H3BeCTHOH KpaeBoit 
3alauv onpesesenHA dyHKuun © (2), aHanmuTHYeckKOH BHYTpH oOmacTH D*, 
NO TpaHHYHOMy ycJIOBHio Ha KoHType L 


Di lo. Ol == Gy OA) seat). (4) 
MpHueM, B CHJIy TpeqnosoxKenHA (2), Ha L WOKHO ObITb 
GO) Gla) = le CAG ear en: (5) 


Kpaepan sajaua (4) quid orpanwuenHoli o6acTH D+ npn ycnopun (2) Obista 
liccTaBulena Kapsemanom (')* Hu peurena B pa6orax JI. A. Kpecenasa (?, %). 
Merog, paspureili J]. A. Kpecesapa, MOxKHO IIpHMeHHTb H JA W3yueHuA 3aqauK 
Kap.iemana Jin GecKoHeuHOH O6acTH D-; ocobleHHOCTH, OTMHUAIOLIHe BHELIHIOIO 
sanauy KapmeMana OT BHYTpeHHel, IIpHMepHO TakHe Ke, KOTOPbie OT/MUAIOT 
BHeIUHIOIO 3anauy JiupHxje oT BHYyTpeHHel (‘). 

Kpaepas 3agaya (1) mp ycnosuax (2) u (3) cBORUTCH K paBHOCHJbHO! eff 
Mape KpaeBbIX 3afaa KapJiemMana JIA OTbICKaHHA cbyHKWHH Dt (z) Hu D> (2). 


* Kapaeman paccmatpuai TobKO cCaHopomny1o (g(t) = 0) sanauy (4). 
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HAM THNECKHX COOTBeETCTBEHHO B OOsactax D+ vw D-; 
Ola (M1 =G, (0 O*() +g, () na L; (6) 
OEM (i) = Gait) OF () to (“Una L, (7) 
eee Ue ore) 
Gee) == 6 (7) ? GaiZ} >i (| tatty ? 


g.(t)= c {a (t)] A(t) —d (2) h [a (2)] g(t)=2 [o (¢)] & (¢) — 6 (t) A [a (2)] 
+\ cla@lo(—ala@laiy’? 8-H= a{a (| d(t)—b(t)cla()] * 


Yesmosua (3) o6ecneyHBaloT BHINOMHeEHHe HEOOXOAHMBIX oe paspeliH- 
MocTH (5) 3agay (6) u (7) MpH npo“sBombHO dynKuun A (f) — H. 

O6o3Hauum x* = Ind G, (2), x- = Ind G_ (ft). 

Teopema l. Oduopodnan audada (1) umeem k*+ + k- aunetino Hesa- 


“BUCUMBLX PeUleHUU, 20e 
1 : : f+ A, 
ei ~ (1— sign x?)(— — > = a 


ee ita at GF oe 


(8) 


pei == 1) ecau “x* > 0; sign xt = — 1, ecau u* < 0; 


Sem 1, ecau “n- > 0; signu- = —1, ecau x- < 0; 


SE PIS oS ye emt Seppe . 


x u h_ — 3HQa4eHUA, NPUHUMAeMbLe 6 OOeUX HENOdBUMNCHoLX mo4Kax a (t) Ccoom- 
eemcmeenHo Koappuyuenmamu G, (t) u G _(t), ecau uMOeKcbt amux Koasgqpuuuen- 
_moé6 xt u x” — 4eMmuHole LUCAQ. Ecau undekc x* au x- — newemnoe 4UCAO, MO B 
| bopmyaax (8) ycaoeHo ee eae coomeemcmeyroujue uucaa dh, uau _ paeHoimu 
“xyaro. OOtuee pewenue {Dt (z), D~ (z)} oOnHOpodHoti sada4u (1) daemca cbopmyaamu 
j 


Beer @)| PAG) + Nya 4), ae 


" 
} 
t 
; 4 

Cc 
Be 2de Py» (z) = a =, u Pr (2) = 3 d,z* — pauuonarbnole mynkKyuu Cc npo- 
k=o * 
_U960AbHOLAU Kospuyuenmamu Cc onan coomeemcmébeHHO 6 MOUKAX Zz = 
u Z = co nopsxdKoe xe eoiue k* u k-; @. (t) — pewenuna unmeeparbHolx YypaéHe- 


Hut Ppedeoroma 
{ 1 a’ (T) = 
K.9=9: Ot \ (4 —spt wy | = 


is 
. =t[h, Pes [a (t)] — Pex () 
as g@ynkuuu (°) X* (2) onpedeaswomca opmyaamu X (2) = 
i ee: exp ai \ oe > E. (4) — pewienun unmeeparonolx ypasnenuli Ky & = 
a rs 
* i\s t xt/2 
ieee), G. (2). = x [S a G. (t), ecau x* u *%*~ — 4emnole 4UCAAQ, 


By N~ (2) = (z—hh) z ETN? oxn : \2: er de ry. (t) — pewenus ypaenenut 


20t Jt — Zz 
f, 
“ + f—h fat) HP 
K.n=—inG ; G2 =z | | Gs. (#), ecau xt ux — 
Houemnoe aucaa; Gs (h) = —1; Ay = Ax, ecau x* — 4emuole 4UCAQ; A = 1, 


 €CAU “%> — HeuemHole 4uCcAQ. 
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CmeActBue. Onnopofuaa 3agaga (1) Hepaspemuma (k* = ko 
B Clemyromux cmyuanx: 1) xt > 0, x <0; 2) xt > 0, x =0, A_= 
3) x* = 0, x <0, A, = —1; 4) xt =x = 0, Sh = KL 

Teopema 2. Heodnopodxan Kpaeean 3adaua (1) 6esycaoeHo pa3peiuuma 
ecau x* <0, x- > 0. OGwee pewenue 3adauu Oaemca dopmyaamu (9), 20e myHkK 
Yuu ie (z) u X= (z) umerom mom oe cmbica, 4mo u 6 meopeme 1, a dyHKyu 


| | 


c(tjAfa()]—d[a(|r(t) 4 
c(t) b[a(t)] —a(t)d[a(t)] X*(Z)’ 


: Z ~ pe b [a (é)]A() —a (fh [a (6)] 
Kp = Pee) hea (2)) era crane kee 


(2 all 


K, 9 =A, Pas [a (t)] — Pas (t) + 


=| 

= ~ 1 
Ecaux* > 0, x > 0, mo Pr (2) = > (1 +44) A, ede A = — 
iby 


u OAA paspetuumocmu sadauu npu h, = | OoardicHoL 6oiINOANAMOCA YCACBUA 


\i*9,@dt=0, &=2,3,..., xf *, (10) 
i 
K KOMOpoLm npu Ay = —1 Oo6aeaaemca ewe ycaosue 
| 20 at 0. : (10)| 
JE, 


Ecau x* <0, x= <0, mo Pz-(z) = 0, u mpe6yemca eoinoaHenue ycaoeutt| 
SS 
pa3peiultlimocmu 


Vg: Od = Ona, eae (1) 
16) 
K Komopelm npu A. = —1 dobaeasemca ycaosue 
bla hW—aWhlal 1 vO 4 _ | 
4 ade WSs Me@he we = aa 


20e rp (t) — nempueuanenoe petwenue ypaenenun K_» =0, cowsnoeo c ypasne-| 
Huem K_o = 0. | 


Ecau ut > 0, x <0, mo Pes (2) => (1 +%,) A, Pe (2. = 0, w Oonoienes 


Ovimb eoinoanenst ycaoeus (10), (10’), (11), (12) @ cayuae a, =h_ = —1, ycao- 


gua (10), (10’), (11) usu ycaoeun (10), (11), (12), ecau coomeemcmeénno Moi 
=—h_ =—I1 unk, = —d_=1, wu ycaoeus (10), (11) 6 ocmanonwx cay- 
daAxX. YKASANHbLE YCAOBUA paspellimMOCMU sABAIOMCA HeOOXCOUMEIMU uu Oocma- 
MOUHOIMU. 


OTMeTHM, 4TO HeoZHOpogHad 3amaua (1) Oe3ycoBHO pa3peliuMa HM MMeeT 


€MHCTBeHHOe pellienve, ecw: 1) x* =x = 0, A, =A_ = — 1; 2) x* = 0, 
w= — 1,4, = — 1,3) xt = 0 x = 2) 1 4 ea 
x” = 0, AL = — 1). 5) et Se SG) el eg ee 
7) w= 2, 4° = 0,4, = — A, = 1; 8) x 2 a A 0) ee 
== ee Dee 


Teopempt | u 2 moKasbiBaloT, YTO B CAyYae IpOTHBONOMOKUEIX TO 3HaKY 
MHJeKCOB %* HM % JIA KpaeBo 3aqaun (1) cipaBequBO yTBepxeHve TUNA 
Teopembl Hetepa: u3 HeTpHBMaJIbHOl paspelMMocTH OfHOposHO 3agauu (1) 


* Uepes nt HaMM O6o3HayeHo %~*/2, ecan x — ueTHBIe uncna, Hw (%~ + 1)/2, ecm 
“%* —neueTHEIe uucza. 
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leflyeT OeSyCOBHaA paspelIMMOCTb COOTBeTCTBY1OUIeli HEOLHOPOAHO! 3aqaun: 
CM He OMHOPOAHAA 3aaya MMeeT TOMbKO TPHBUAaJbHOe pellleHHe, TO cooT- 
eTCTBYIONAA HEOHOpOMHaA 3afaya, Boome Oe HepaspeluHwMa, KpoMe 
@3Be 4TO ANA 3Hauenuh (xt, x-): (1, — 1), (2, 2) i (UD) oe (2 = 1). 
ECM 2Ke HHeCKCbI X* H X~ MMeIOT OMMH M TOT 2Ke 3HaK, TO [WIA MCCHeLyeMmoli 
kpaeBol 3aauv BbINOJHAeTCA yTBepxKJeHHe THMa albTepHaTHBL! Ppenzromba: 
eCIM HeTPHBHaIbHO paspelllMMa OMHOpOsHAaN 3afaua, TO COOTBETCTBYIONLAA 
) geoqHOpomHaA 3afaua, Bootle rOBOpA, HepaspelimMa. 

_ § 2. Paccmotpum unterpo-byHkuHoHalbHoe ypaBHenne 


J4 09.0 +B M9 lao)+ Ll 2o a r+ Fl 0 ge—H@®. (13) 


c——a(c) 
ByJeM NowaraTb BbITOJIHeHHBIMM yciOBNA 


\ A(t) — C* (i) =- 0,  \B? (t) —D? ® +0, 
\ ADAleO!+CHClWI=BOBle) +DD lal), (14) 
—AMCIAOl+CMHA le] =BWD la] +D Bla (Dl. 


siyuan, Korga B ypaBHenuu (13) B (t) = C (t) = 0, paccmotpen B 3aMeTKe 
aBTopa (°). ; 

_ Ecau mpeqnonoxenna (14) BrimomHeHbI, TO ypaBHenve (13) o6bmHBIM croO- 
06OM MpoJosmKeHHA B KOMIJIeKCHYIO OOaCTb C MOMOM[bIO HHTerpada TuMa 
(Kou (cM. HallpHMep, (°)) cBoquTcH K KpaeBol 3ayaue (1) c ycnopusamu (3). 
Petlenue STO MocieqHel 3ana4uu, B CUJy ero MpescTaBMMOCTH MHTerpasoM TNA 
‘Kou, 20uoKHO OOpallaTbcaA B HYJIb B TOUKe Z = oo. B cBA3H C 3THM OMHOPON- 
Hoe ypaBHeHHe (13) OyyzeT HMeTb Ha OMHO JMHeliHO He3aBMCHMoe pellieHHe 
(MeHbIle TOTO KOJIMYeECTBA pellieHHH, KOTOpoe yKa3bIBaeTca Teopemow 1, ecu 
}/k- = 0, a HeomHOpogHoe ypaBuenne (13) npu x- < 0 pa3pemmmMmo, ecu KpoMe 
YCNOBHH, yka3aHHbIX B (OpMyJIMpOBKe TeopeMbI 2, BHIMOUHeHO elle ycsOBHe 


\ tit» (t)dt =0. 
E 
CpaBHHBaad YHCa JIMHeEHHO He3aBHCMMBIX pelINeHHit OMHOPOAHOTO ypaBHe- 
‘HHA (13) ” corosHoro c HUM CANO PONHOFO ypaBHeHHA, MIpHXOZMM K CJleqyrouleMy 
OCHOBHOMY pe3yJIbTaTy. 
' Teopema 3. Hxdexc I unmeepo-dynkyuonanroxoeo ypaenenua (13) éo1- 
paocaemca dopmyaoti 
' Pee eee ewe 
3 2 2 . 


_ V3 teopempr 3 cnenyer 
Teopema 4. Huxdekc unmeepo-@ynkuuonanrsxoeo ypaenenus (13) paésex 


HYAIO 6 OOHOM us CAeOyroMUx cayyaee: 1) x* = x-, npuuem A, = —A_= = 1, 
unu x* u x — Heuemnoie uucna (A, =A_ =O); 2) x*—x7 = =+ 2,4,= 
Berea) xt x = + 1 npuwem 1, = $1, 2. Bi i ees 
e = 


Teopema 05. Hameepo-d~ynkyuonarcnoe ypaenenue (13) HopmaabnKo 
‘paspeutumo. 

TakuM OOpa3om, eCJIM BbIMOJHEHO JI060e H3 yCJIOBMH TeopeMbI 4, TO JA 
WHTerpabHoro ypaBnenua (13) cupapequBEI Bce TpH Teopembl Mpesrospma. 


_ Poctoscknit-Ha-Jlouy Tlocrynusio 
| rocyapCcTBeHHbIli , YHHBepCHTeT 20 II 1961 
t/ IMTHPOBAHHAA JIMTEPATYPA 


1T.Carleman, Verhandl. des Internat. mathem. Kongr., Ziirich, 1, 1932. * J. A. 
Becewmra ba, JIAH, 55, Ne 8, 683 (1947). ° JI. A. Kpecesapa, Tp. Matem. HECT. 
AH IpysCcCP, 16, 39 (1948). 4B. UH. Cmup Hos, Kypc Bpicmel matemaTuky, 4, M., 1951, 
Br. 623. 51. C. JIuteaunuyk, JAH, 134, No 6, 1205) S60) eae: Il. Taxop, 
‘Kpaepnie sagaun, M., 1958, crp. 157. 
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Jloxaagp Akayemun Hayx CCCP 
1961. Tom 139, Ne 2 


MATEMATHKA | 
JI. FT. MAXAHJIOB j 
Ob OJHOH FPAHHYHOW 3AQAUE JIMHEAHOPO COMPSDKEHHS 
(ITp20cmaeaeno akademuxom H. H. Bexya 4 III 1961) 


1. Ilyers PF cocrout u3 m + 1 mpocTslxX 3aMKHYTbIX KOHTYpOB M pa3rpa- ff 
HMYMBaeT TOcKOCcTb E Ha Be 4YacTH: KOHedHy10 OGMacTb Dt u ee AOMOMHeHHe F 
D-, Paccmatpwpaetca cileqyioujad rpanwynad 3aqaya: HalTH cdyHKUMA gt (2) F 
v ~~ (z), aHamuTMUeCKHe CooTBeTCTBeHHO B D* 4 D-, HenpepbIBHO MpooJDKUMbIe Ff 
Ha |’ Ww CBA3aHHbIe COOTHOIWeHHeEM 


gt) =ade +60 @ +e(), g (cc) =0. (A) 


Pa3baicHuM TepmMuHbI. IlockombKy ORHOPOHAaAA 3ayaya JomycKaeT KOMOH- 
HalWH PeleHHH TOMbKO C BeLLeCTBEHHbIMH KoOa*puUweHTaMH, TO B 9TOM CMbICJIEe 
GyleT NOHMMATbCA UH WHHelinas| HesaBucuMmocTb. JlMHeiHaa KpaeBasi 3amaua 
(uw ypaBHeHHe) HaSbIBaeTCA HOPMabHO pa3pelMMoi, eciM KOHedHEI / — § 
YHCIO JIMH€HHO He3aBHCHMbIX PeleHHH .OMHOPOAHOH 3aauH UH p — 4HCJIO He- 
OOXOJMMbIX H JOCTaTOUHBIX YCJIOBHH pa3spelIHMOCTH HeOZHOpOAHON. 1 

2. Teopema l. ITycmo V cocmoum us eaadkux Konmypoe,; a (t), 6 (it), ¥ 
c(t) yOosremeopstom ycaoeuto Teavdepa ecrooy Ha YT u x = Indra (t). Ecau | 
x > 0, mo odxOpodHas 3ada4a umeem 2% AUHeUHO He3sABUCUMBLX PelueHUu, A He- 
odHopodnasa Oe3ycaoeHo paspewuma. ITpu * = 0 sadawa umeem eduncmeennoe 
peuenue, Hysesoe Ors OOHOpOOHO. IT pu % < 0 OOHOpodHaA 3ada4a Umeem MOAb- 
KO HYAegoe pelleHue, a OAA paspeulumocmu HeOOHOPOdHOH NeoOxodUMO w OO- | 
CMAMOYLHO BbINOAHeHUe 2\%| GBeUJECMBEHHLX WAL |x KOMNACKCHOLX YCAOBUL 


\i Rie Wldt = 0," = Ok ee | 


L 


20e R — nekomopolti AuHetHOLtL Onepamop. 
HoKkas3atesbeTBO NowyyaeTcaA H3 CJeyIOULHX JIeMM. 
JIemma l. Ecau a (t) #0, mo 3adaua (A) Hopmaacno pa3speuuma. IT pu 

% 20 lp 2x, a np x20; p See 
Sagaua (A) UpMBoquTcsH K 9KBHBaNeHTHOMY CHHTYJApHOMy MHTerpab- 

HOMY ypaBHeHHi0 


Oy + BySp + Gy + B.Sp == ye (1) 
rye | 


1 ( w(t) 
Sp =s ae as at 
: 
Hu (1), B CBOIO ONepeyb, CBOAUTCA K 9KBHBAJICHTHOM CHcTeMe CHHryJApHbIX 


HHTerpaAbHbIX ypaBHeHHi OObrmHoro Bua (cM. (3). 
JlemMma 2. ITycmo l° — 4ucao pewenuti conparxcenHod OOnOpoOHolt sada4u 


yh VO=CTOPO+ OKO. vw (o) =0, (A‘) 
a ha) eens 
2 Tap age Oe Tareas 


Toeda p < lu, 6 wacmxocmu, ecau t° = 0, mo p = 0 u sada4a (A) pa3pewuma. 
Jlemma 2 nomyyaetca us padote H. M1. Bexya (?). 
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i 
t 


4 


Jlemmas. Ecau ja(t)| > \(6|, monpux <0 £=0,anpux >0 
d< Dm. 
JlemMa 3 OKa3bIBaeTCH Ka¥eCTBEHHbIM COMOCTAaBJIeHHeM C 3aayeit Pumana 


po =o ¢.°. 


Iipu ycosun, To a (¢), b (¢t) yossetBopstor ycnosnio Teapgepa c moKa- 
3aTeseM, Kak yroXHO O1M3KUM K equHuUe, Jemma 3 u Teopema | qoKa3aHbl B pa- 


Gore B. B. Bosxpcexoro (*°), npwuem copeplieHHO HHBIM MeTOJIOM. 


F mot 1. 


TeopemMa 2. IIycme V cocmoum us Koxmypoe JIanynoea; a (t) nenpe- 
poiena; b (t) uamepuma u oepanusena; c(t) EL, (L), p > 1. , 
Ecau 


‘yt ag 
am |S Tm,’ (2) 
20e M, — xopma onepamopa S 6 L,, mo cnpasedauser ece ymeepoOeHUA meope- 


Jloka3aTebcTBo TeOpeMbI MpOBOANTCH aHalorH4yHo Metogzy M. B. Cumonenko 
(*), pH 3TOM cunTaetca, 4To Pt (z), @ (Z) MpezcTaBUMbI HHTerpanom Koum. 

Teopema 3. I[TIycmo V cocmoum us odx020 eaadKoeo Konmypa; a(t) = 
=|b(@)|>0; x = Indy a(f) +Indrb (); »w = Indpa (t)—Indpb() u 
a(t), b6(, c(d ydosremsopsiom ycaosuo Teasdepa. 


To2da: 

eee ee ON = 1, mo L=—0, p= |u| + [I 

eee OL > 1, mol =p—l, p= |x i —]; 

peomin > 0, >> l,ovn0o J =x +p, p = 0; 

4) ecau % > 0, » <1, mo paspewtumocms onpedeasemca u3 cucmemot | ++] 


Ypaenenuti c x + 1 nNeuseecmHoimu. 

Sameuauwe. Ecamu o6a uncia x, 1 YeTHBI, TO MCCHesyeTcA TaKkxKe 
yaya MHOTOCBA3HOH OOaCTH: 

eee On = 0, 1 = 0, p=|%| +|p| +2m; 

Zee = 0, » > 2(m—)), l=vw—m—1, p= |*| +m); 

SH > 2(m— 1), » > 2(m—1), l=x +n— 2m, p = 0; 

4) % > 2(m — 1), » <1, pa3pemmMMocTb onpefeAeTCA H3 CHCTeMBI | tt, + 
+m +1 ypaBHenul c x — m + 1 HeH3BeCTHBIMH. 

IlycTb BBINOHeHO ycJIOBHe HOpMadbHOH paspemiumocTu a (t) — 0. Kak 
BHIHO M3 Teopem | w 3, B 3agaue (A) culelyeT pasuyaTb cmyyuan: ja (t)| > 
>{|O@M\, |a@| =|6@)\ u\a@\|<|6(@), kotopbie Mbr Ha30BeM cooTBeT- 
CTPCHHO 93JIJIMINTHYeCKUM, MapaOomMuecKHM UH runepOomuyeckuM. Teopema 2 
OTHOCHTCH K SJIMMTHUeCKOMY Ciy4aro, MockoubKy Bcerga M, > | Mm ycoBue 
(2) IIpHHMMaeT BU ycueHHOM 2nMNTHUHOCTH |b (t)| << q\a(t)|, rae gq<l. 
Ecam T — oxpyxkuoctb 4 c €L2 (lf), ro M2 = 1, w ycuoBHe MpHHuMaeT BUT 
YMCTOH SIMNTHYHOCTH. TunepOomMueckHii, a Tak>Ke CMelIaHHbIM CJlyyanw OcTa- 
JoTCA HeH3yyeHHBIMU. IIpu a (f) = 0 3amaya (A) 


gt () =b(e O:-+c; (3) 


Boome TOBOps, HeompesetenHa. JlelicrsutenmbHo, ecu D —xpyr, To (3) 
IIpwBosuTca K Buy (cm. (°)) pt = bp +c, u ecau eme 6 (f) = Bt (2), c (t) = 
= C* (t), rue Bt (2), C+ (2) — ronomopduble PyHKUHH, TO OfHA M3 *PyHKUMH 
«pt (2), pt (2) copepmienHo mpoHsBoubHa. IIpu 6 (¢) = 1, c (t) = 0 sagaua (3), 
usyyanacb A. MW. Mapkymesuyem (°): Qaa Kpyra H oOvlacTei, orpaHMyeHHbrx 
JI@MHUCKAaTaMW, 3aaua pa3spelliMMa H HOCHT OTMeYeHHbI BblIle HeOonpeyeien- 
Hb XapakTep. 

PaccMoTpHM CHHTyJIspHoe HHTerpasibHoe ypaBHeHHe (1), o606matomee’ 43- 
wecTHOe XapaKTepHcTHYecKkoe CHHTyJApHoe MHTerpasbHoe ypaBHeHHe. Tak 
‘Kak ypaBHeHve (1) cBoguTcA K 3agaue (A) HW 9KBHBaJIeHTHO ei, TO Ha HeETO MOx- 
HO TMepeHecTH BCe Mpesbilyuwve pesyibtaTH. M3 Teopempt | HemocpezcTBeHHO 
womyyaerca: 
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a ties ee ee 


Teopema 4. Ilycmo 


Gt) (a, + B,)(a, = Pili (3 B.) (ay TF B2), 
A, (t) = |o, + Bil? — |, lee A, (t) = | a, — Bi |? — | a, —B,/?. 
II pu Gt) + 0 ypaenenue (1) Hopmancxo paspewuumo. Ecau 6binoaneHo ycaosue 
Ai (t) Ae (t) > 0 u x» = Indp G(d), mo Oasn ypasnenua (1) cnpasednueo. @ce 


ymeepoc0enua meopemol 1. K (1) npueodumen unmeepanbxoe ypasHenue naAockott 
meopuu nomenuuana 


pr +qa@2\Fo" (ds =F 0. 


ir 


Ecau |p (t)\ >|q(t)|, mo ono umeem eduncmeennoe pewuenue npu atobom f (t)- 
3. Cnenyn HW. H. Bexya (’), pacemotpum o6o6meHHyi0 cuctemy Kou 
PyMmana. 


d-w + A(z)w+ B (2)w= 0, (4) 


re z= x + iy; 05 = '/2(0, + id,); A (z), B(z) 3aqanpi na Bce nocKocTu E 
WM ipwnaniexar Knaccy Ly .(E), p > 2, 7. e. A(z), B(2 a jz? A), 


| Aleey 53 (+e Lp (E:), p >> 2, rae Ei — Kpyr |z| < 1. Myuxuma w (2) naspi- 


BaeTCA PeryJIAPHbIM pellieHHeM ypaBHeHuaA (4), eCIM OHA HeNpepbiBHa, MMeeT 
o6oOmleHHy!0 MpoUsBosHy10 CoboueBa O-W UH NOTH BCIOLY YMOBMeTBOpAeT ypaB- 


HeHnvio (4). IlocKombky MexkKYy peryJIApHbIMH pelleHHAMH w (Zz) HM aHaJUTH- 
yeCKHMH (pyHKIMAMH @ (Z) CyIlecTByeT B3aMMHO-OJHO3HA4HOe COOTBETCTBHe (H 
ipyrue ryO6okve CBxA3H), TO w(Z) Ha3bIBalOoT TakxKe OOOOMIeEHHOM aHaJMTH- 
yeckoH (PyHKuMeH. 

PaccMoTpuM rpaHHunHylo sagauy (A) ana ypaBHenua (4). B 3Tom catyyae 
3ajaua (A) uMeeT BaxKHOe TreOMeTpH4ecKOe 3HAYeHHE pH wcceqoBaHHu Gec- 
KOHEYHO MaJIbIX H83PHOaHHH MOBepXHOCTeH, CKJIC@@HHbIX H3 KYCKOB OBaJIOM OB (’); 
yacTHbI cayyal b (t) =O Obit u3yyeH aBTopom (%, °). 

Teopema 5. [na epanusnot 3adauu (A) @ Kaacce c606WweHHeLx aHa- 
AUMUAECKUX GYNKYUl CNpa6eOAUGbL BCe pe3syYAbMAMbL, NOAYYeHHbLe Bolle OAR 
sadauu (A) 6 Kaacce aHaaumuueckux dyHKyutt (morbko 6 meopeme 2 HOpmYy cCUuH- 
2yAspHoeo unmeepana Kowu Mp nystHO 3ameHumb HOpmot e20 aHaAo2a Mp). 

JlokasatembceTBa MoulyuaroTcA M60 HelocpesCTBeHHO M3 (baKkTa B3aHMHO- 
OJHO3HAYHOFO COOTBETCTBHA Mexky w (Zz) H @ (Z), WH60 NOBTOpeHHeM Bcex 93Ta- 
TIOB OKa3aTebcTB TeopeM |, 2, 3. 

4. Ilyctb ano 9/MMMTHYeCKOe ypaBHeHHe BTOporo NopsaqKa 


Au + a (x, y) uw, + 6 (x, y) uy, = 0, (5) 


rye a, 0€ Ly.» (E), p> 2. Moctapum cieqyioutyio rpanwunyio 3agauy: HnaliTy 
pelleHuaA ypaBHenua (5), perysapupie (B cmbicae 1. 3) BD* u D-, ecau u, ul 


u, HellpeppiBHbl B D+ +T uD- +T, a uw’, u, COMpmKeHBI Ha I ycOBHAMH 


= au + bu, + ¢1, 
= yt ++ byt + Ca, 


(6) 


7 
x 
ur 
¥y 


THe ay, 51, ay, bs, Cy, Cy — B8afanuble BellecTBeHHBIe dbynkuuy. Jlna onpere- 


JICHHOCTH 3ajjauH HeEOOXOJHMO 3ajjaTb ycJlIOBue Ha OeckoneuHocTu. Mp BOo3b- 
MeM eFoO B BHI: 


Jo], a LK felt, Ks 0) 
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OgHopoguad 3anaua (6) Bceryja uMeeT pewlenHe w (x, y) = const, KoTopoe 
lasLiBaem TpHBHAIbHDIM WH faviee He yuHTbIBAeM. 


Tlomaraa ui, — iu, = =w (Zz), Nouy4uuM Aa w (z) ypaBHenue (4), a KpaeBbie: 
jenoBHs (6) mpeo6pasyrorca K (A). Hatta w (z), Mbt Bepnemca K wu (x, y) TO: 
bopMy1e 


u (x,y) =u (oo) —A\\ 8] dean = § + in. 


EB 


Bce pesyJIbTaTbI, NO/yYeHHEIe BbIllle, tlepenocatca Ha 3aqauy (6). O6o3HauuM. 


a(t) 6;(t) 


OE Iie (8). bat) 


G (t) = 4/e {la (4) + be ()) 4+ i [ti () — b2 (H))}. 


Ecau G(t)=-0, To KpaeBan 3ayaua HOpMaJbHO pa3pemmmMma. Kpaesnie 
yculopua (6) Ha30BeM YCNOBHAMM 9S/IMNTHYeCKOrO, MapaOommuecKkoro WM ru- 
TepOomuyecKoro Tula, ec cooTBeTcTBeHHO A (t) > 0, A (t) = 0 nau A (<0: 
sclony Ha \T. 

§ Teopema6. I[ycme x = Indrp G(i). Bce ymeepocdenun meopemo 1 
mnpasedruéel OrA 3ada4U (6) 6 cAedyroUUX CAYyYaAx: 
1) a, dy, de, be, C1, Co YOoBremeopstom ycaosuto Tenpoepa u Kpaesole yYCaoeua— 
wMAUNMUMeCKOZO muna; 
B 2) ay, bi, Az, bg Henpepolenol, C1, C2EL, (T), p > 1, u eeinonneno ycnoeue- 
ycuAenHoul sAAUNMUUHOCMU 

Baya yp) 
‘ emp | ~ oR, 


SameuauHnue. B napadomnueckom cilyyae 3aqaua (6) CBOMHTCA K JBYMi 
CBASAHHbIM 3afa4aM C HaKJIOHHOH Mpou3BoRHOH (‘). 


Oryen dusnKH HW MaTeMaTHKH Tloctynuso 
AkaflemuH HaykK TamKCCP 25 II 1961 


IHTHPOBAHHAH JIMTEPATYPA 

. iS.T.Muxauaos, Usp. Bricm. yue6u. 3apeg., Matematuxka, 5, 99 (1960). cael, 1. 
Bexy a, TAH, 86, Ne3 (1952) * ©. J.T axos, Kpaeppie sagaun, 1958. aie ba Grn = 
monueukKoO, J[AH, 124, Ne 2 (1959). & H.W. MycxeaumsBu an, CunrynapHbie nH- 
TerpasIbHble ypaBHeHHa, "M., 1946. ®A. H. MapxKkywuesBuuy4, Yu. 3an. Mock. yuHus., 
(100, 20 (1946). ? H. H. Be xy a, O6o6menubie aHasuTHuecKHe pyHKuHH, 1959) Slee evi 
xXauaos, JAH, 119, No l (1958). 9 JI. 1. Muxauaos, Yu. san. Tag. yuus., 10 
(1957). 105. B. Boa pcku uk, Coo6bm. AH IpysCCP, 25, Ne 4 (1960). 
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Jloxnnaagm Axagemun Hayk CCCP 
1961. Tom 139, N 2 


MATEMATHK. 


Cc. rT. OBCENSAH 


O HEKOTOPbIX OJHOPOJHbIX KPAEBbIX 3AJ/AUAX 
JIA TUSOEPEHLMAJIbHbIX ONEPATOPOB 
C NOCTOAHHbIMH KOI®O®HIWMEHTAMU 


(IT pedcmaeaeno axademuxom C. JI. Coboaeeoim 2 II] 1967) 


Sanaya Kou 21a ypaBHeHHs” BHa 


OPEL ee 


B clyyae, Korga L — onepatop Jlanaca no Tpem nepemeHubim, a M = 07/02?) 
6blla BHepBbie HccieqoBaHa C. JI. Co6onesbim (7), KOTOPbIi NOJyUHs sABHOe| 
BbIP@KeHHe PelCHHA C MOMOULbIO NOCTPOCHHbIX HM (yHaMCHTaJIbHbIX pe- 
menu. B cayuae, Korga L — onepatop Jlanaaca 10 MHOrMM MepeMeHHBIM | 
97a 3aaua Obiia petena B padote C. A. Panpnepua (2). Uro Kacaetca coorser-! 
CcTBYOUeH CMeWIaHHOW 3afauH, TO OHA BHepBble NOApoOHO UCcCJIeqoBaHa 
B Culydae JIByX H€3aBHCHMbIX MepeMeHHbIX B paboTax P. A. Anexcangapsaua (°,*). 

B o6ijem culyyae pelieHHe CMelIaHHOH 3aagH MeTOJIOM Pypbe OUeBHA HIM 
OOpa30M HPHBOHT K cueLyrouseH OLHOpOLHOH KpaeBok 3ayaue: 


Mu — ALu = 0; (2) 
Cu adm (3)) 


KOTOPad COCTOUT B OTbICKAHHH TaKUX 3HaYeHHH YHCMOBOFO MapamerTpa A, _TpH 
KOTOPbIX CYUIECTBYIOT PeINeCHHA Uy (X4, ..., Xp) ITOH 3aqauH Takue, 4YTO Gu, == 0.| 
B pa6ote (°) paccmoTpeH cjly¥aH, Kora ypaBHeHve (2) ecTb ypaBHeHne| 
CTPYHbl, a PpaHHUHbId onepaTop G mpefcTaBsaeT coOoOK DudpepexinaJibHbIi 
onepaTop C MOCTOAHHBIMH KOIPuUMeHTaMH JOOOrO NOpAAKAa UH, HCHOb3yA pe- 
3ybTaTh! P. A, AnekcauHypsaua (°), oKa3aHa MOJHOTA COOTBETCTBYIONeH CH- 
CTeMbI COOCTBEHHbIX (yHKIUHH. 
OTMeTHM, 4TO cioco6 nocrpoeHus COOCTBeHHEIX (PyHKIWH, pHBeseHHbIli 
B paOote (° i‘ CBA3aH C BHAOM OONIero pelieHHA ypaBHeHHA CTPYyHbl H He TIpH-|} 
MeHHM B CJIy4ae MHOrHX He3aBHCHMbIX TepeMeCHHbIX. 
Sayaua (2), (3) B cmyuae, Kora ypaBHeHue (2) ecTb BONHOBOE ypaBuenne | 
C TPpeMA Me€peCMeHHBIMH B JO60M 3uJIMMCONRe, a G — TORKMECTBEHHbIN ONepaTop, 
paccmotpena P. T. Jlenyespm. 
B Tom cayyae, kKorga M u L — pucdepenttuanbHble onepaTopbl Cc NOCTOAE- | 
HbIMH KOSPHIMeHTAaMH BHA 
n 7) 
M = Dy 1,1 oe oe H => tame , 


i,j=1 i,j=1 


KBallpaTHuHad (dbopmMa onepatopa L — nosoxKuTebHO onpeleeHHan, G —— 
TOACCTBEHHBIN ONepaTop, a ypaBHeHHe paCCMaTPHBaeTCA B HEKOTOPOM 9JJIJIHM- | 
ar I€HTPOM B Hayasle KOOPAHHAT, 3aauy (2), (3) GyeM Ha3bIBaTb 3aa- | 
yeit 
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B paOorax (°,’,*) ycraHoBjeHo, 4TO NOAMHOMHAaJIbUbIe COOCTBEHHBIC (Py HKLM 
gajauu C o6pasyioT 6asHc B MpOCTpaHCTBe NOMMHOMOB, HCYe3aIOUIHX Ha rpa- 
|/Hme. 

' B 9T0H 3aMeTKe MbI paccMaTpuBaeM saqayy C*, KoTOpad oTMMYaeTCA OT 
}/3aqaun C AMUlb TeM, TO G He TOK AecTBeHHEIM OMepatop, a AudbepenunabHbIli 
holepatop mo6oro nopsyKa. 


0 
1 4 
s ilycts w® (D) TipefcTaBsiaeT CoOoH 3aMblKaHHe BCeX (HHHTHHIX H GOecKo- 
HeyHo AMppepenunpyemprx BD tyHkKuHii Mo MeTpuKe co6omeBcKOorO MpocTpaH- 
l 
Kersa WY) (D)  (p>1,1> 0). 
. PaccMoTpuM cCylefyroule OlepaTopbl C MOCTOAHHBIMH KOSppHuMeHTaMH: 


N i+ ay m l 
1 CEI Gas) / 
a I ) 1 ) wee Secs 
a eae 2: We Bee 2s 8 ee oe 
bab. y= OX,» 2 OX f= “Pee bib t “n 
ye N uw m — moOple HaTypavibuble YHCa, a ONepatop (x,0/Ox, +... + X,0/0X,)" 


‘ToysaeTca POpMaJbHbIM BO3BeeHHeM B CTEIICHb. . 
» OkasbiBaeTcH, 4YTO OTHOCHTeIbHO CHCTeMbI COOCTBEHHEIX YHKIM, NMoOpo- 


igemmpee Ma. Ecau G=AB, a, ....,0 = 1, usecase bot kit. ©. + RR 
p—1)...(R—m +1) bp + 0 npu aw6om Hamyparcnom k, mo cobcmeennole 


O 

Fy7(l rb AU 

Wi (D) npocmpancmea W')’ (D), xomopoe codepacum 6 cebe W\(D). 

_  Ilycets # — npoctpancrso Bcex MHorouseHos. Ilokaxem, 4TO onepatop G, 


(WeeHHBIK BO Bcem #. Jina storo JocTaTOYHO HoKasaTb, YTO ONepaTopEl A u B 
| o6s1aaioT STHM CBOHCTBOM. 
Cymectsospanne A-! culeqyeT H3 TOrO, UTO ypaBHeHHe 


PM ehee \0 b ae ame ea") 


‘Tipu m060M gq us & uMeeT pellennHe 


2 ' m am _ 
iia td 4 at oe ee aa 
i re mm — ecreneHb MHoOro4wgieHa Gia 
| . N ee ome 
A Oana he 
Ay a > ay, yreey in i a 
1 YA vhE 
ibe y= Ox, 5.0%, 


cTpaucTBe J WMeeT TOJbKO TPHBHAaIbHOe pellieHve. 
OG6o3sHauuM J, NpocTpaHCTBO OJHOPOHHIX MHOrOWIeHOB cTenenH k, Baoga 
ccbepH4ecKHe KOOPAHHATHI, JNerKO NOKa3aTb, YTO ECM p(X1,... , Xn) CE Pe, TO 


Bp = YP; (4) 


tte Ver po ki +... +k (k —1)...(k —m +1) Om, ,OTcona-cnenyer 
‘CylleCTBOBaHHe onpeyeseHHoro BO BCeM . OOpaTHOro onepaTopa Gt. 
Ilyctb 4 — co6cTBenHoe 3sHayeHHe, a 7) (x1, ..., Xn) — COOTBETCTBYyIOWaA 
-€MYy TOJHHOMHasIbHad coGcTBeHHad *YHKUMA saqauu C. 

Tlokaxem, uto P, = G47, aBaaeTcH co6cTBeHHOH dyHKuUHeH 3aqaun C’, 
 COOTBETCTBYrOINeli STOMy xe A. MMeem GP, = 7) u, mocKkombKy T,|p = 0, 
to P, yRoBnerBopseT rpaHHuHoMy ycoBuio 3sagauH C’. OcTaeTcs nNoKkasatb, 
4yTo P, yOBJeTBOpHeT ypaBHeHHIO 


Mu a ALu = Os (2°) 
VMmeem 
(M — AL) T, = (M — AL) ABP), = A (M —AL) BP, = 0, 
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oTKyja culeqyeT, 4TO hs 


(M — AL) BP, = 0. (5) 
Tlycth m — cTeneHb MHorouteHa P,. IIpeyqcTaBuM ero B Buje 
m 
Py, = >) Paz, THe Pr, rE Pe. (6): 
k=0 


V3 (6), (4) u (5) nomyuum 


(M — AL) BP, = (M —AL) BY) Pak = (M —AL) D) vePane = 0. Or 


k=0 k=0 


IlpuHuMax BO BHHMaHHe, 4TO Ye = 0 M 4TO B ypaBHeHUN (2°) yuacTByIOT 
JIMIb TIpOW3BOJIHbIe OLHOFO MH TOFO 2%Ke NopsALKa, U3 (7) HeMeMIeCHHO 3aKJ0UaeM,. 


uTo P, yOBMeTBOpAeT ypaBHeHuio (2°) Hu, CTaJIO ObITb, ABJIAeTCA COOCTBEHHOM 
cbyHkuHei 3anaun C’. 


O6o3HauHM Yepe3s Jy MpOCTpaHCTBO MHOFOUWIeHOB, OOpallaoluluxca B HYAb 


Ha TpaHule simuNcouqa, a yepes 9%, — MpocrpaHcTBO MHOTOUeHOB, yOBJIe- 
TBOPAIOWHX TpaHHYHOMy ycJIOBMIo 3ayaun C’. 

Ilyctb 7; —MHOKeCTBO BCX MOJIHHOMHMAJIbHEIX COOCTBEHHEIX (yHKIM 
ganaun C (8Ta COBOKYMHOCTb NOJHHOMOB OOpa3yeT 6a3Hc B J). Onepatopl G 


* 
u G-! ycTaHaBJIHBaioT B3aMMHO-OJHO3HAYHOE COOTBETCTBHe MexKTy J) HU Po. 


% 
B vactHocTu, MHoxecTBY 7; 43 70 B 9°) COOTBETCTBYe€T MHOMKECTBO MOJIHHOMHaJIb- 
HbIX COOCTBCHHBIX (byHKWHMH p; = GIT; 3amauu C*, KoTopoe, O4eBHAHO, 06- 
* 
pa3yeT Oa3ic B Jp. 


CrleqoBaTeIbHO, eC O603HAYHM 4depe3s We (D) RomomHeHve MHOKeCTBa 
Py TO MeTpuKe ve (D), 6yeM UMeTb, UTO COOCTBEHHbIe (YHKUNH 3anauu C 
oOpasyioT NOJIHYIO CHCTeMy B Wes (D). Ouesuguo, ve (D) npunaqiexur 


0 
l 
W\? (D), 4 ocraetcs ToKa3aTb, YTO ONO CoxepxKUT B cebe WY) (D). 


0 
Tlyers v npunagqnexur We) (D). Tipu d@uxcupopaHHom e cymectByeT du- 
HMTHaA OecKOHeuHO udppepenuNpyemanx BD cbyHKUMA @ TaKax, 4TO 


8 Fl Ony 2 


C [pyro cTopoubl, CyllecTByeT MOCJeqOBaTebHOCTh MHOFOWIeEHOB Qn, 
KoTOpan cxoquTca K p B MetpuKe C\ (D), rae C™ (D) — npocrpancTso He- 


IIpepbIBHEIX HM HeIIpepbIBHO AudppepenuupyembIx Jo Nopayka / B D dyukuui 
Cc HOpMoH 


k 
IP lewpy = max | Dg]. 
x&@D 
0<k<L 
Ilyctb D’ — nekoTopas 3amMKHyTaa O6sacTb, KoTOpad WeHKOM sexKuT BD 
M BHe KOTOPOH QyHKUMA @ paBHa Hyvuo. CocTaBHM MHorouneHb! Ry = 
= ((g—1)§ +1)Q,, rae g(x,..., Xn) = 1 —ypaBHenne. snmuncouza; 


s— HeveTHOe 4MCIO, Oombuee m +N; » — nem0e NOMOKUTeIbHOe UHCI. 
YunTbIBad PaBHOMepHyio orpanuyeHnHocTh Q, B metpuke C"” (D), u To, uTO. 
BD’ (g—1)§+ 1<6< 1, nerxo Buzerts, 4TO, BLIOHpaA ~ MOCTATOUHO: 
OObUIMM, MOX%KHO CenaTb R, CKOMb yroqHO Mampi B MeTpuKe C"? (D’) He- 
3aBucuMo oT n. M3 cxoqumoctu Q, K @ cmenyeT, YTO Q, CTpeMUTCA K HYJO B 
metpuxe C” (D —D’). Tlostomy mocuie BEIGOpa }t MOXKHO BLIOpaTb N HaCTOJIbKO 


OOJIbLIMM, YTOOBI HOpMEI Pp — Q, Hu R,_ B MeTpuKe C”? (D) Opiau Obl MeHbIIe ©. 


ConoctaBiaa mpenpiyuine paccyxKeHHA, 3akJI0“aeM, YTO MpH WaHHOM Vv 
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“m @ cyllecTBy1oT MHorounenn! Q u R = [(g — 1)s + 1]"Q takue, uT0 


le QR) hip, <3e. 


4 Bmecte c TeM MHOxuUTeNb [(g — 1)5+ 1]* na rpanuue paBen equHULe, a BCe 
i TIPOM3BOAHbIe ero JO NopszyKa s — | Ha rpaHuue paBubt Hyso. Tlostomy, Tak 


Pxak s—1>m+N, to GRlp =GQ\p, t.e. (Q—R ED. 


0 
TakHM oOOpa30M, MBI NOKa3auiH, 4YTO ecu UE Wane (D), To OH saBsIAeTCA 
A 1 * = 
Tipegeom 110 Hopme Wy’ (D) nocnenosatenbuoctu us 9%, 7. e. v& WY (D). 
| Drum 3aKkanunBaetca WoKasaTeNbCTBO TeopeMt. 


| SamMeuannue. Teopema ocraetca BepHol 4 B TOM ciy4ae, Kora onepa- 
top B 3aMeHeH onepaTopoM 


m 


eS bi | (% 1) an F< = ene — Cr) e i 


Ox 
c—OF We 


Jloka3aTeJbcTBO 2TOrO Cy4ad CBOAUTCA K MpeAbIyuleMy C MOMOIIbIO 3aMeHBI 
TIepeMeHHEIX. 


m 

us 
; Korga D ecTb efuHHuHaa cchbepa, To KpaeBoe ycmoBue > b; (x5 +. a 
| - \ avi 
t =) 
esi m i ; 

Oru 

BD .5. + Xn a) ab = 0 IIpHHMMaeT BHI of b; a = 0, rye n — BHeLIHAA 


_ HOpMaJIb. 
B calyuae, korga oO1acTb eCTb Kpyr MoovepegzHo Nosaraa A u B toxyJect- 
| BeHHLIMH oOllepatopamu, a / = 0, nomyaum cmyyau, paccMoTpeHupte B (°). 
3aMeTHM, UTO JOKa3aHHaA TeopeMa ClipaBeJIMBa TakyKe HU B Clyuae KpaeBbIX 
YCOBHH Buya 


s 
ue SS) AY BO AS Be mY AY BY 
1. 


TIpH cmeqyioumux Mpelnonomenuax: oneparopyr Ay” , BO Gisela Bee er 
YIOBJICTBOPAIOT YCJIOBHAM TeOpeMbI, a B Ka2KJOM H3 OCTAJIbHBIX CJaraeMbIx 
KOSPDPUMHEHT Q,....9 XOTH Obl OHOFO M3 OMepaTopoB A paBeH HyVJIIO. 


or 


BeHncHTeIbHBI ~WeHTp Tocrymuso 
AkajemuH HayK ApmCCP 27 XII 1960 


HWHMTHPOBAHHAA JIMTEPATYPA 
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cae a 
ee, 
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loxaayge AnagqemMun nayx CCCP 
1964. Tom 139, Ni 2 


MATEMATHKA | 
B. A. TJIMCC | 


OB OFPAHHYUEHHOCTH PEWEHWYM HEKOTOPbIX 
HEJIMHEHHbIX AYOSEPEHUMAJIbHbIX YPABHEHHH 
TPETbErO TIOPARKA 


([Tpedcmaeaeno axademuxom B. H. Caouproeoim 6 11 1961) 
B pa6ote (') S3ei0 paccmoTpe ypaBHeHHe 


SS ae bic oF (eet (1) | 


H JjOKa3aJl culemyioulee yTBepxyenue. IlyctTp p (¢) HenpepbiBHa, a / (x) HelIpes 
PHIBHO AuddepenuupyeMa mpH Bcex ¢ U x cooTBeTCTBeHHO. IlycTb BbITIO/HAIOTCS. 
culeyIoulwe yCOBUA: 

Lt) Pap 0) ba 

Zy ef (x) Sign Xo Os Tipe ee 

Belin \7 (x)\e= eon 

|x|+co 

4) CyulectByeT tioctosHHan ¢ (0 <c<.ab) Takaa, To /’ (x) <<c mpr 

5c eam 


5) CymectsyeT nmoctosHHaa A > 0 Takas, 4TO MpH Bcex ¢ OKa3biBaeTCsL | 
: ! 


POI<A, |\p@ dtl <A. 


Q 
Tora MO%KHO yKa3aTb Takyio MoctosHHy10 D > O, aro Asa mI060ro pelieHHsa | 
ypaBHeHua (1) c Ha¥aJIbHBIMH JlaHHBIMH pH ¢ = to, X = Xo, X = Xo, X = Xo 
OKaKeTCH | 
bool Dy al ON aN ea oe Yee nt oe Canes Baers (2) | 


B HactosilleH 3aMeTKe MbI CcbopMy/HpyeM HeECKOJbKO TeopeM 06 orpaHH- 
YUCHHOCTH peleCHHii H@JIMHeEHHLIX ypaBHeHHH TpeTbero llopsfKa. Teopema lL 
SBJIACTCH HEMOCPeACTBEHHbIM OOOOUIEHHEM TeOPeMbI JseHu10. 

1°. PaccmoTpHM AuddepenunasbHoe ypaBHeHHe 


% + ax + 6x + f(x) =Pilx, x, x, 9. (3) J 
TlomoxKUM y = ax -+ x, 2 = bx + ax+x; Torna ypaBHeHue (3) 3aMeHHTCH | 
CHCTEMOH 
x=y—ax, y=z—bs, 2=—f() +P (x,y, z, 0. (4) 
Teopema l. [ycme qynkyuu f(x) u Pi(x, x, x, 1) NenpepoieHo w | 
yoosremeopsiom ycaoeuio eduKCMBeHHOCMU peweHU YpasHeHuA (3) Npu Cex 
x, x, x, t. Hycmb 6binoransiomca caedyrouyiie YCAOBUR: 2 
Diva PAO abies 0: 
2):0.<¢ EL co abhnpe jx ieee 
ib Lf (X) = abx = oes 
Ala lite x) |= son 
[x] 00 


picaemca | Pi (x, x, x, D|< A, 


700020 peuleHuA ypasHenus (3) 


PADD, 8) xl D  npu tT (te, to, 000). (5) 


‘20e to, Xo, Xo, X0 — NAYAAbNOIC JAHHole bbIOPAHHOO petuentsa. 
Jloka3atebcTBO TeOpeMbl OMHpaeTcH Ha paccmMoTpeHHe (byHKIUHH 


Q 
Fe 
— 


ae { 5 as 
= aie — ay + 2°45 — oy? + 3 4 


Ce 


ee NOMHOH MpOH3BOAHOM MO BpeMeHH, B3ATOH B CHTy AMdbpbepeHuMabHbIx 
ypasuennii cuctempt (4): 


beeen (x — ay +2)" + lade — f (0112 @x Say 4 2) — ba) - 


YaeTcA OKa3aTb, UTO Ha BCAKOM PeUWIeCHHH MO HCTe4YeHHH NOCTATOUHO OOVIb- 
Oro MpoMexKyTKa BpeMeHH (byHKIHA Vv, OKa3bIBAaeTCAH MeHbILe HeEKOTOPOH 


Tpy AKO BbIBECTH YTBeprKJeHHe TeOPeMbI. 
» 2°. PaccmoTpuM ypaBHeHHe 


Pee o2-+ oe) bz= Gi (Z, 2, 2,0): 
Byjem mpeanonaratb, uto 6 > 0. MoxHo H3MeHHTb MacuITaO BesM4MHI f 
‘Tak, 4TOObI OKa3asiocb b — |. IlostTomy Oyyem HW3y4yaTb ypaBHeHHe 


2-az+o (2+2= lz, z 2,0). (8) 

Tlonokum z= —x, y= x+ax, 9 (x) =—p(— +); Torga nonyuum 
CHCTeMy 

a — ax, Yy —'2—p (x) + G(x, y, 2,1), 2=—x. (9) 


Teopema2d. Ilycmog (2) u fi (z, 2, 2, t) HenpepbiBHol UL yooenemsopsiom 
“Kpome M020, 6bINOAHSHOMCA YCAOBUA: 
L) GeO: 
a | 
x ; a 
3) lag (x) — x| — 00 npu |x|. 


Ba, (Zee, 2) A 
Tozda natidemca D > 0 makoe, 4mo dasa aw6oe0 peulenuan ypaenenus (8) 
Pee zi D, 2<0D npu tT (ee eo, 2p te) (10) 


Tlaa foKa3ateperBa 3TOl TeopeMbl CulexyeT paccMoTpeTb (pyHKIWHIO (CM. 
padoty (’)) 


Us = Sy 5 e204 \w (x) dx (11) 


e€ IIpOH3BOMHYIO MO BpeMeHH, B3ATYIO B CHJIy CHCTeMBI (9): 


5) Cywyecmeyem makast nocmosnnan A > 0, amo npu éecex x, Seam tf! ona 


Toeda mooeHO yKasamb makyto noaoxcumerbHyto nocmosnnyto D, amo das 


i (xX) —a0x) de” (6) 


la >) x — ay. 22) P (x,y, 1, 0): mo) 


OCTOAHHOH BeJIM4HHbI, He 3aBHCAIeH OT BHIOOpa pelleHuaA. OTcioqa yxKe He-- 


YCACBUIO eOUHCMBeHHOCMU petleNUt ypasHeNusA (8) npu ecex 2, 2, z, t. ITycme,. 


4) agile nocmosnHat A maka, 4mo Npu BCeX Zz, Z, z, t OKasbleaemnca~ 


Oy == x Ix — ap (x) 1+ yG (x, y, 2, 2). (12). 
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3°, PaccMoTpHM, HaKoOHell, ypaBHeHve 
Etg@+bi+ab = Qa & & 2. 


IIpennonaraa b > 0, MomwkeM TaK M3Me€HHTb “MaciTa6 oTcueTa BpeMenu | 
4TO B HallleM ypaBHeHuu oKaxetca b = 1. Ilostomy paccMoTpuM ypaBHeHi 


Et+g®+ita& =Q,€,§, 2. (15 


Tlonoxum x = §, y = —(E+aé), 2= —at; Torgqa nomyuum CHCTeM] 


x=y—e + Qa y, a) ee a (14 


Teopema 3. IIpednonoocum, 4mo yHKkyun g (x) Henpepeleno Oud 
pexuupyema npu ecex x, a Q, (&, § §, 2) nenpepolena u yooeremeopsem ycad 


eul0 COUNCMBeHHOCMU pelwleHutt ypaeHenua (13) npu ecex &, &,&, t. ITpedna 
ANOHCUM, KPOME M020, 4MO BbINOAHAIOMCA YCAOBUA: 


1) a0: 
2) g (x) >a +e npu |x| Sl, ede ¢ > 0 — nocmosnnan. 


3) Cywecmeyem nocmosnHan A > 0, makan, 4mo Ons E, E, Nic! 


npu ecex &, &, &, ¢. 
To20a moocno yKasambe makyro nocmosnnyto D>>0, amo Orn atobo0e0 pewexu. 
ypaenenusa (13) 


E(<D,) VES Dy Pe) =D ripua ere a8 (15) 


Jina foka3aTebcTBa paccMaTpuBaetca cbyHKuua (cm. (3) 


{ Leet raty 1 om 
on = me Be oat yo 1 OXY ae Ve (x) oe CD a\g (x) dx. (15) 
0 


IIpousBoqHaad OT STOH (yHKUHM B Cuy cHcTemb (14) paBHa 
v3 = — Ig’ (x) —ally —g()]—(2— +) Q(x, y, 28) — 


— lg’ (x) —ally — g (x)] Q(x, y, z, t). (17) 


4°, V3 puta PyHKUMi v1, v2, Us H M3 U3BeCTHOH Teopemb! Bpayspa o cymecT- 
‘BOBaHHM HeMOJBUKHBIX TOUCK MOKHO BHIBECTH YTBEPKeHHe CIEMLYIOWHX TeOpeM. 
re opema 4. Ilycmb ébinoaHenbl ycaoeua meopembt 1. ITycmo PYnKYUL 


Pi (x, x, x, t) umeem nepuod @ nOlg, me. Pax) yx, be) =P) (eee 
To2da ypaenenue (3) umeem no Kpatineti mepe oOHO w- nepuoduseckoe peweHue. 

Teopema 5. J7ycmo ebinonaneHet ycroeua meopemot 2 u, Kpome mozo,, 
pynkyun G, umeem nepuod w no t. Toeda ypaenenue (8) umeem no Kpatinett mepe' 
OOHO w-nepuoduuecKoe peluenue. | 

Teopema 6. JTycmb 6oinoanenol ycaoeua meopemo. 3 u nycmo bynxyua 
Qi umeem nepuod w no t. Tozda ypaenenue (13) umeem xoma oe OOHO w-nepiuodu- 
4ecKoe pelulenue. 


JlenuurpaycKun aes yHHBepCcuTer ‘ Tlocrynuao 
um. A. A. ?KqaHoBa sy WUE a 


WHMTHPOBAHHAA JIATEPATYPA 
* J.O. Ezeilo, Proc. Lond. Math. Soc., 9, Ne 33, 74 (1959). ? E.A.Bap6Oamuu, 


TIpaKa. MaTeM. HM Mex., 16, B. 5 (1952). 3 B. A. Tlauce, HekorTopble mpo6jembl TeopHH 
yCTOHUYMBOCTH IBWKeHHA B wesom, JI., 1958 
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HAoxrnage Akafemun nayr CCCP 
1961. Tom 139, Ne 2 


MATEMATHKA 


M. JI. PACYJIOB 


-YCJIOBKS KOPPEKTHOCTH OJHOMEPHbIX CMEWAHHbIX 3AQAU 


(ITpedcmasneno axademuxom H. H. Mycxeauweuau 9 III 1961) 


af AY) w 
ae ee a eee, Fi mpH x€ (az, 6); (1) 
mk-+-l<p 
k<q-l 
ca! aC \ af yf?) | 
“0 \e u (i) (O\0 u 
B ae 
a Di Gr ew F Bad (sr) seh lita (2) 
£=11=0 0 x—=a; 5 |\x=b; 
ul) (i) ) ’ 
ai) ) pies (07, Dek = 05 0.2.4 G—= Tt sey ae 3) 
=0 
He a) (z) = » stk 2 Bs? (2) = Di 2"; a, BY, — MocTosuuBIe; p = mq; 


noe ynclO; (a;, 0 NES Senet He HaJleraiollHe MHTepBaJnl, 
MMetollive OOUIHe KOHILBI. 

Tlyctb BbIMOJHsIOTCH Sr aycne YCJIOBUA: 

1°. IIpu x € la;, 6;] Kopnu p (x) xapakTepucTuyecKux ypaBHeHnit 


Pp q(é) p—m m 

5 O° Aop (x) + 9 At) (q— tym (x) +... +8 Ayam (4) —1 = 0 (4) 
e s 
Pa3JIMUHbI UW OTIMYHbI OT HYA; HX ApryMeHTbI HM apfyMeHTbI HX Pa3HOcTeli He 


4 


3aBUCAT OT X. 

_ 2°. Ha untepsaue [a;, b;] dyuxuuu Af} (x) nempeppiwBxno zMdbbepexuupyemst 
2—S pa3 pH mk +1 = p—s (s = 0, : 

Ilpamble, onpeyesnemble ypaBnenuamu Re Agt!)(x) — Re aAp® (x) = 0 (k, s = 
(1, ...,p) pasOupaiot h-nuockocTb Ha ceKTOpbl *;, B Ka?KJOM W3 KOTOpBIX 
IpH NoLxoyAuleh HyMepaluH KOpHeH XapakTepHcTHyeCKUX ypaBHeHHl (4) 
‘MMeIOT MeCTO HepaBeHCTBa 


Re Apt) (x) < Re Ap) (x) <... < Re Apt (x) npn AEX, 
x € (a;, b;) he L ar) 


| Tae Re z — jelictBuTembHaA YaCTb Z. 

|| CaeqepatembHo, cormacHo Tteopeme MH. JJ. Tamapkuua ('), mpH ycnoBuax 
1°, 2° onHoponHbie ypaBHeHHa, pg S ouire een (9), uMerIoT ke 
JlaMenTaJIbuyto CUcTeMy “acTHEIX pemenul y\ (x, A) (R=1,...,p; i= 1,...,n), 
KoTOpble B cekTope >; upH OovbuHx A TOnyemer aCUMIITOTHYecK He 
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‘ 
2 


nipeACTaBJeHHa 


ay), y) : Ely & tt f 
“asta, 13 Ang, (x) + “PT jexp(al op eat), 6) 


i 
rye pyHkunn 9!) (x) Ha HHTepBase la;, b;] MMeroT HelIpepbIBHbIe BO IETS 
qO MopayKa 2 — Ss BKJNOUNTebHO (s = 0, 1). 

BpeyemM o603HaueHHA: 


b; 


wi) = \ pl) (x) dx, % = argwil) | 
: se j ; Z a L Z 
AX} (A) = Sra) (A) M4 (p (ad)y', Bas (A) =D} Ba? (A) A" (ps? (6:))’- 
t=0 Z=0 


Cormacno ycsopuio 1° ypaBHeHua 
Rew) =0, (R=1,...,/)) 
ONpekensaioT 2. pasIM4HbIX WyyeH dj (j = |, , 2 < 2p), Acxo_AuMx 13 | 
Hayasla KOOPAMHAaT A-MIOCKOCTH. Oues nano, apryMeHT ayua d; papen n/2 — ay. | 


Jlanee Bo3bMeM MHOxecTBO Jyyeli dj, OTMMUHBIX OT myueli dj H pacnomo- 
YKCHHBIX B I1OCJI€OBAaTeJIbHOCTH ‘ 


a, dg da dee, ean. eee (6) 


[panuuamn cekTopos &; u Jtyaamu (6) NulocKocTb pa36uBaeTCA Ha CeKTOpHT | 
(T;), B KaxKJOM H3 KOTOPbIX pH MOAXOAAMeH HyMepalMu KOpHeH XapakTepH- 
cTHYecKOrO ypaBHeHHaA (3) HMeloT MeCTO HepaBeHCTBa 


Re dwt) < Re hw) <. . . [Re hw. (7) | 


O6o3HauHM Yepes 
(4) (2) (Z) 
be a run vil 
Te U3 uNceN Wi), KOTOpble MexKAaT Ha IpAMOH, COCTABMAIOWIEH C MOJIOXKUTEIbHBIM | 
HallpaBJIeHveM JeHCTBUTeIbHOH OCH A-MWOCKOCcTH yrow a;. CorsacHo ycsoBuio 1° | 
apryMeHTbI YMCe Wi/) He 3aBMCAT OT HHJeKca 1. . 


aa cextopa T; mouoxuM 
(2) (i) V= 
Wi} = Wey er Tsay (2 = 1), 
rie j\!) — TeiCTBUTebHble YHCIa, 3aHyMepOBaHHble B NopayKe BospacTanua: 


Bap Bape CHD, KO WO ee ay 


Ai 


Ecau 43 MHOwKecTBa 4NCed we, ee , wf) HCKJIIOUMTb Bce 4HcwAa or TO 


ocTaBliveca yncsa wi!) MOxKHO pacnipegeaur Ha Be rpynnp (wl! ), (wl). 
K TlepBol rpymme oTHeceM Te H3 4HCeN wi), WWI KOTOpbIX B CeKTOpe (T; ) uMeeM | 
Re Aw!) + — oo npn |A| > oo. Ko Btopo rpymne oTHeceM Te, AIA KOTOPBIX 


vMeem Re Aw)—>-+ co mp |A| > oo. 
Jina cextopa (Tj) wucna w\!) Oy eM CUTaTh 3aHyMepOBaHHbIMH B CJeLyrollelt 


MOCJICIOBaTeJIbHOCTH: 


(i,1). (2,1) y (2) (2) (4) iy 2 ‘ 
wii), ++ WE), wt), - Ws Wap rs W One Oya ee 2), 
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me mp AGT; uMeroT MecTo HepaBeHcTBa 
Eero... < Re hoy i1)< Re hwo. ..<Re wi a0 


<Re Mo ay </..< Re ww < < Reaw.2) 


ee dg: +: Re Awt?), 


O6osnauum uepes M\; (A), Msi (A) COOTBeTCTBeEHHO cCJeMyIoulMe MaTpHULI: 


AMO) AD) BD 410)... BM, 4.0) 
AQ (0). | Ae, . (a) BO (i). ne ayo 
id am (A) . a (4) 1 ee ee (A) BY)(a) 
ce 48, 50) 38, cos cab ai 


ne Ree. (A) By tsyta (A). ++ BYE () 
") 


ee A) ee Al (A) BY (097.182 


Ap, %j +S; np, x;-- S71 np,p 


CRG meme i 2d wes 


_ Ilyctb gasee My; (4), M o,; (A) — COOTBETCTBeEHHO, MATPHIIbl, COCTOALMe 
iS MaTpHHBIX seek M4?  (R), Me); A) (i= 1... my: 
My; (0) = (Mi? (A), Mi? (A), . «MA? (A), 


Mo, 1 (h) = (MO; (2), M2; (A), .. MS; (A). 


_ UlpegnonoxuM, uTo B JoMONHeHHe K ycnoBuaMm 1°, 2° BEIMOMHAeTCA elle 
Cmeqyroulee yCJIOBHe: 
| 3°. Onpegenutenu matpum My; (A), Mo,; (A) mpu seex f=1,..., 2p 
MpescTaBasioT coOo10 MHOrOWeHbI OT A OMMHAKOBOl cTerleHH d, OTAMUHBIE OT 
TOK ecTBeHHOTO HyJA. Bce onpexemuTeM NopsyKoB pn, pn — |, coctTaBjeH- 
Hble 13 BCCBO3MOXKHBIX KOMOvHaUMit cToOWoB Matpun My; (A), Ma,; (A), cyTb 
MHOTOWIeHbI cTeleHeH, He OovIbuMx d. 

C MOMOI{[bio aCHMMTOTHYeCKHX MpescTaBseHuH (5) MeTOJOM KOHTypHOrO 
WHTerpasa, OMyOMKOBaHHBIM B 3aMeTKax (?~*), MOKasbiBaeTCA: 
B l'eopema |. a ycaosunx 1°—3°, ecau npu omobpascenuu Nie 


sce ayuu d, (k = 1, , 2) nepexodam 6 ay4u, fe 6 negotl noAyNnaAoc- 
Kocmu z* u ecau Ha Wisi eeNe [a 0)| GyAKuud O.. (o)a(s. el eee) 
enpepoleHo Oudbpepenyupyemel p— ms pas, a GynkKyuu Gf 1). Ok 
0, , 9) 00ux pas npu tEl0, 7], mo sadaua (1) — (3) umeem edux- 
omeennoe pewenue u (x, t), npedcmasumoe dopmyaotu 

: bj 


HO (et) pag LD VO & MEO, ® 0") + 


j=14; 


t 
+ \F &, 2) exp (—2"4) dy) dé} exp (R" 4 dh, (8) 


| 
j 
Ie c, — MpocToH 3aMKHYTbIli KOHTYp, OKpy2Kal0UlMH TOJIbKO OfMR MOVOC 
A, Nogpiuterpanbuol byukuuu; G°'? (x, £, 4) — bynkuna Tpuma cnekrpaap- © 


| 
* MHHMad OCb He BKMNOUaeTCH B MOJLyMJIOCKOCTH. 
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HOH 3aauu: . 
yo) 


SAA ie OS FO Gre TY, (9) 
mk-+-l<p 
k<q—1 
yi?) ? E yl 
| Ae (2) d° vu =e 
S S {ol (A - + BY (2) == | =0: (10) 
Y= 1=0 x—=G; a +=0; 
‘ q-1 ; ; 
FO (6D, A) =>) la Fee 
j= 
— SAR (x) (A™" OD (x) +... + OL): 
1<k<q-—1 
mk+l<p 


cyMMa Ilo V B (8) paciipocTpaHeHa Ha BCe MOVJIOCbI NOJbIHTerpaIbHOH cbyHKUHH. 
IIpx stom wu (x, ¢)-3aBHCHT HeIpepbIBHO OT Ha¥aJIbHbIX NaHHbIX O” (x) | 


MU CBOOOZHBIX WieHoB f” (x, t) ypaBHeHuii (1). 
Viz teopembl 2 3ameTKH (°) caleqyerT 


Teopema 2. ITpu ycaoeunx meopemet 1, ecau npu omobpascenuu N” = 2 
o0un us aydett d, (k = 1,..., 2) nepetidem @ ay4, aeocauut e npasot z-naro- 
ckocmu, mo sadaua (1) — (3) He umeem OocmamouHo enadKoeo pewenusn *. 

IIpu p = q = 2 (Torga, oveBugHO, m = 1) JoKa3blBaeTca Coulee CHJIbHOe 
yTBepx Jenne: 

Teopema 3. J/7pu ycaoeunax meopema 1, ecau p=q=2, mo OaA 
Koppekmrocmu 3adauu (1) — (3) (602ee moeo, Oran cytuecmeoeaHUA Oocmamo4HO 
2nadKo20 pewenusa amot 3ada4uu) coenadenue ayueti d, (k = 1, 2) c mAumoLmu 
nonyocamu h-naockocmu HeoOxodumOo u Oocmamou4no. 

Maye ropops, Ip ycuioBuax Teopemp! 1, ecnw p = g = 2, TO JIA CyIecT- 
BOBaHHA JOCTATOYHO TvlayKoro peleHHA 3ayauu (1) — (8) neltcTBHTebHOCTH 
KOPHeH XapaKTepHCTHYeCKHX ypaBHeHHlt 


6? AD (x)= OA) — 1 On gee) 
HeOOXONHMO HU JOCcTaTOUHO. 


Asep6alzKaHCKHH YrocylapCcTBeHHbIH YHHBepCHTeT TlocrynHio 
um. C. M. Kuposa 18 II 1961 


WHTHPOBAHHAAH JIMTEPATYPA 


1S. J. TamapKkuu, O HekoTOpBIXx O6MIHX 3afauax TeEOPpHH OObIKHOBEHHHIX JIHHCHHEIX 
AucpepeH Hal bHBIX ypaBHeHHH H O pasJIOXKeHHH MpOH3BOJbHbIX yHKUHH B pszbl, Tlerporpag, 
1917, 2 M. JI. Pacy aos, JAH, 125, Ne 1 (1959). -&§ MJ Pacy aos, JIAH, 125) 
Ne 2(1959) 4M. JI. Pacyaos, [LAH, 131, Ne 1 (1960), 5& M. JI. Pacyaos, LAH, 
120, Ne 1 (1958). 


* TIpennomaraetcs, uto He Bce @! (x), fe (x, t) paBHbl Hy/I0 Tox gecTBeHHO. JlocTaTounas 
raNKOCTb MOHHMAeTCA B CMbICIe 3aMeTKH (°) H SBI seTCA Goulee Ca6bIM TpeOoBaHHeM, eM Hempe- 
PHIBHOCTh MPOH3BOAHBIX, BCTpeualoulHXCA B s3ayaue. | 
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MATEMATHKA 


A. C. CMETAHHY 


OB HCUMCIEHHAX BbICKA3bIBAHHA C RONOJIHMTEJIbHOM 
ONEPALMEM 


(ITpedcmasaexo axademuxom If. C. Hoeuxoesim 2 III 1961) 


Ilyctb T — KoOHCTpyKTHBHOe uCuMCIeHMe BHICKa3bIBaHHH. Jlo6aBHB K aK- 
cvomaM 7 HOBbIe aKCHOMbI, KaxKJlad H3 KOTOPbIX ecTb (tbopMysa T, H COxXpaHHB 
|Te %Ke lpaBula BbIBOJa, Mbl NOJYYHM HCUMCIeHHe BbICKa3bIBaHHH, KOTOpOe 
CosHauuM uepes G. Jo6aBuM K JorMuecKuM onepatuaM /, \/, _, 7 AoNomHu- 
eJIbHYIO JIOrMYeCKy10 OllepallHio P OT OMHOM epeMeHHOM MH pacluHpuM cooT- 
BeETCTBYIOULMM OOpa3so0M olpesemeHue copmysbt. JlobaBuM K akcHOoMaM HC4HCc- 
ae G HOBbI€ AKCHOMBI, KaxK]ad HU3 KOTOPbIX eCTb (OPMYJIa B pactIMpeHHOM 
CMbICJIe, MH COXpaHHM B paclIMpeHHOM HCUHCJICHHM MpaBuJia BHIBOAa HCUMCICHHA 
T. WlomyyenHoe ucuncieHve Ha30BeM HCUMCJIeHHeM BBICKa3bIBAHHH C JoMou- 
HTeJIbHOH OMepalvelt M o603HauHM ero Yepes G*. Dopmysy X, He cosepxKa- 
Ily!o BXOMKJeCHUA OllepallHH M, Has0BeM (bopMyIoH YMCTOH JOorHKH. OnpefeiuM 
“HelpoTuBopewnBocTb * M NomHOTy ucunceHua G*. Ucuncenue G* Hemportu- 
BopewBo, ec Kak Jad PopMysa YMCTOL JOrHKU, JOKasyeMas B HEM, NOKa3ye- 
Ma MH B HcuncieHHH G. CooTBeTCTBYIOUIHM O6pa30M OlpeleaeTCA MpOTHBOpe- 
“SHBOCTb HcunceHua G*. Ucuncaenue G* nomHoe, ecmu qoOaBIeHHe K efo aK- 
“cuomam HewOKa3yeMOH B HeM (bopMyuJIbI £ B KavecTBe HOBOM a@KCHOMBI JlesaeT 
oe fonoain HCUMCIeHHe IpOTHBOPeYHBEIM. 
7) 


JlonosHUuTeIbHaA OnmepaluA P HasbiBaeTCHA OJHO3HAUHOH, CCH cpeH aKCHOM, 
ONHCbIBAIOITHX ee, eCCTb AKCHOMa OJHO3HAYHOCTH 


(x ~ y) D &@ (x) ~ @ (Y)). 


Bee ucuncaenua G*, paccMaTpHBaeMble B STOM CTaTbe, COMepxKaT AaKCHOMY 
 omnosHaunoctTu. B § 3 paGortsi (‘) paccmaTpuBaetcs ucuucienne H, aBlmomleeca 
‘opMasusauneli neppolt MatpHupi AcbKoBcKoro J,, H crpostca 15 MomHBIx uc- 


a oe . x 
uucnennn H7 (1 < i< 15), kKaxygoe M3 KOTOPBIX OMMCbIBAeT OMHO3SHAUHYI0 
JIONONHUTeIbHYIO ONepalluio @ OT OMHOH MepeMeHHOH, MpHcoeqHHUMyIO K HCc- 
uncneHuio H. B cBa3H C 3THM BO3HHKAET BOMPOC: MOJHOCTbIO HJIM HET OMMCaHbl 


“cucteMoH ucuucienua H?(1 <i< 15) HempoTuBopeyMBble HCYHCeHMA He 
“cojlepxKalltve akcvomy ofHO3HauHOcTH. [looxKNTebHbI OTBET Ha STOT BONpoc 
jaeT Teopema | HacTosuleH cTaTbu. Bonpoc 0 MOMHOM OMMCaHHH OAHOSHAYHEIX 
AOMOMHUTeEIDHIX OMepallHii OT OAHOH MepeMeHHOH, MpWcoeqMHUMMBIX K MCUHC- 
“nenmio T, octaetca oTKppiTbIm. Hekotopoe npoxBuxKeHHe B HEM JaeT Teopema 2. 

Bpegem ompesesenuve Moyen. B § 2 padorsi (*) avo onpesemeHve MaTpUUbI 
“9 KaK MHOXKeCTBA C BHIJeCHHbIM 3/IEMeHTOM Py MH OMpeeeHHbIMH Ha 39TOM 
MHOXKeCTBeE OHHAPHbIMH (byHKIMAMH Cy, /A\m, Vm H PYHKUMeH OHO Mepe- 
_ MeHHOii Te, IPHHUMAIOWUMM 3HayeHHA M3 9TOrO Ke MHOxecTBAa. Mobi pacuiMpuM 
eCb 3TO Opeesenuve, 10OaBUB K PyHKUMAM elie ONY AONOTHUTeMbHYIO PyHK- 


a 


atm 


* HenpoTuBopeyHBocTb HCuHCeHH MOHHMaeTCA 37€Cb B CMBICJe, OTHYHOM OT OOuleMpH- 
HATOrO, 
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ILHIO OLHOL MepeMeHHO! yp. TlomHoe OGosHayeHHe MaTpHUEI SM 
M=[Am, {Bm}; Cm, Am Vor les Por] 


6yeM coKpamlaTb c MomoutbIo [Ag, {By,}]. Hesapucumpie nepeMeHHble PyHKUA 
paCCMaTpHBaeMBIX B MaTpulax, OOOSHAYAeM Hepes a; (¢= 1,2, 0 os eee 

YcTaHOBMM B3aHMMHO-OHO3HAYHOe COOTBETCTBHeE MexKy dopMysiamMH HcuUHC| 
jenua G° wu cbyHKIHAMH HeKOTOPOH MaTpHubl MM. DopmMyme £(ay,... , An| 
TlOCTaBUM B COOTBeTCTBHe (yHKUHIO &£ (a,...,,), MOMyYYeHHy10 3aMeHO! 
M€p€MeCHHBIX (POPMYVIbI Ay, ... ,An HeSABHCHMBIMM MepeMeHHBIMH G,..., a 
Me jlorvyeckux onepanua >, /\, V, 1, @ CooTBeTCTByIOWlMMH (byHKILMAME 
MaTpHILEl. 

@MyukuMio MaTpHubI MY HasOBeEM TOXKECTBEHHON, eCM OHA MIPHHMMae} 
Bcerya BbIeIeHHOe 3HAYeHHE Py. 

Onpenmeneuunel. Matpuna MecTh MOMe Ab UCUNCHeEHH YG 
G*, ecH yHKUMA MaTpHub £’ (a,,..., G,), COOTBETCTBYIOIaH OKa3syemoy 
B ucuNcnMeHHH G* cbopmysie ¥ (a,,..., Gn), TOKMECTBEHHA B MaTpHIe Mi. 
Matpuua SM ecTh TOUHAA MOFeNb UCUNCHeHUA G*, ecane 
1) M ecTb Mogenb ucunceHua G*; 2) Kax OH ToxKecTBeHHOM B MaTpHue Mi 
yHKunH £' (o;,...,4,) COOoTBeTCTByeT chopMya £ (a,,..., An), HoKa3y} 
eMasd B HcunceHuu G*. ' 

Onpenxeneune 2. Tlycth M = [Ay, {Py}) ecth Mogenb ucaucnenna 


G*. Tyctb Ayy — Takoe NOXMHOxeCTBO MHOxKecTBa Ag, YTO yHKUHH MaTpH 
Ibl M@, OMpeleeHHble HA CYMME€ MHO*KECTB Agy + {Byp}, IPHHAMAIOT 3HaueHHs 
U3 9TOrO %e MHOKeCTBA. OueBHaHO, YTO TOra MbI NOMyYaeM MaTPHILy 
Wt = [Agy, {By} ] c TemH xe cbyHKUMAMH, UTO 4 y MaTpHUb Mt. Matpuna WM 
HasbipaeTcA NOMMORMeC ALI MOLeAN M. 

OG6bIuHEIM OOpa3oM ollpeyesaeTcH H30OMOpdu3M AByX MaTpHIL My, My (HI 
MoyeseH M,, M,). Ms onpezenenu 1 u 2 nowyyaem Be JeMMBI. 

Jliemma l. Ecau mampuya M ecmb moderb ucaucnenua G*, a mampuya 
M’ — nodmoderb modeau M, mo mampuya M’ ecmb maxksice moderb uc4UuCcAe 
Hua G*, 

JlemMa 2. J/ycmo mamputa M, ecmb moderb ucuucaenua Gi, mampuya 
Mm, — moder ucaucaenua Gz. Ecau mampuuo: M, u My usomopdnor, mo Mey) 
ecMb modeAb uCcUUCcAeHuA GS, A Me ecb modeNb ucuucAeHuA Gy. 

IlocrpoHM TOYHYIO MOfesIb NpOH3BOJbHOTO UcuNCIeHHA G*, KOTOPyIO Ha30 
BeM €CTECTBCHHOH Mogesbio. MHoxkecTBo cbopMy HcuNceHHuA G° pa36uBaeTCa 
Ha KJlacCbl 9KBHBaJICHTHBIX (POpMyJ (opMysibl £, UH £_. IKBUBAJICHTHBI, eCJIH 
B HCUHCICHHH oKasyeMbl (opMyJibl £, 0 X#,, £,¥,). O6o3HauumM ksiacc 
(popMy.I, SKBUBaeHTHEIX (opmysie ¥, uepes £, a COBOKYMHOCTbh K.JaCcoB 
9KBUBAJeCHTHBIX (popMys ucuuceHUa G? uepes G*. OnpenemuM Tenepb MaTpHILy| 
©. MuoxectBo atemMenTos MaTpuie € ects Kace G*. OynKWHH Hig * ompe- 


——, ae eg tte 
WeAIOTCA TaK: (£1 g #2) = (€\HX2), anamorMyHO oMpesesiorca MaTpHy- 
Hble (PYHKUMUM ~ |g, Pg.OUeBHAHO, YTO MaTpuna E ecTb TOUHAA MOjeNb UCHHC-| 


JleHua G* Cc BbIeJICHHbIM 371IeMeHTOM | **, 
KoneuHylo COBOKYNHOCTb dbopmy. 


{p (0), @ (1), p (@ CO), 9 @ (1), @ @V 1a} 


BMecTe C HX OTPpHUWaHHAMH HW JIBOHHBIMU OTPHWaHHAMH Ha3SOBeCM OCHOBHDbIM 
MHO2KECTBOM. HemyctToe NOMMHO?KECTBO OCHOBHOTO MHOXKeCTBA (opMyJI Ha30BECM 


fe EA oGo3Hauaet Gunapuylo mormuecky10 onepauuio >, ie oN 
“ 1 ecrb o603HayeHHe dopmysbI aD a, a 0 — tbopmyyibnt a /\ ~ ]a. 
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| ee emyuad. Iycth {£1,..., £2} — Koneunpi Kaacc dopmya. Jo6a- 
'BHM K aKCHOMaM ucuNceHHa G* akcnompl 4i,..., £,. Tlonywennoe uc- 
“uncueHHe, ABJAIOUeeCA paclidpeHHeM wUcunceHus G*, o6o3HadHM 4epes 
WEG? [%,,..., Xe). 
WN) Ompefenennue 3. Kaacc Bri6opos cayyan {X;} (1<i<n) uas3o- 
'BeM T1O JH bIM, e€CJIM, KakOBO ObI HH ObIIO HEMpOTMBOpeyMBoe HCUNCeHHe 
i} A’, Havimetca BblOop cyuan X;,= {%1,..., 2p} (1 < io <n) Taxol, uto 
“ucuucnenne H” [¥i,...,#,] wenpotusopeyno. 
Jlemma 3. Ilycm’ £ — hopmyaa us ocnoenoeo mroocecmea, H*® — npous- 
| 60NbHOe Henpomusopeuueoe ucuucaenue. Toeda odno us Oeyx wuc4ucaenutt 
H*( 14), H* [1 1€)] xenpomueopeaueo. 

C MOMOL{bIO JIEMMEI 3 WH AKCHOMbI OMHOSHAYHOCTH CTPOHTCH MOJHBI KuIacc 
' BBIOOpOB CAyyan 


{Xj} I1<igl, (1) 


‘| 3JIEMeCHTHI KOTOpPOro CET YIOuLve: : 

Ai = {9 (0),90),9@V ia}; Xe = (9 (0), 911), 11 ¢@V 1a}; 

Xs. = {9 (0), | 19 (0),9@())}; Xs ={p 0), 1719 (1), ¢ @ (1)}; 

Xs ={19(0),p(l),e@V la}; Xe = (19 (0), gL), 1 1p @V 1a)}; 

HW OX? = { 1910), 1901), IP@V Ia}; Xs = (19 (0), 217) @ (I), e(@(1))}; 
> Xi ={1¢ 0), | 19(1), 1 1p(@(1))}; Xo = (17 @ (0), g (1), G(P(0))}; 

Xu = {1 19 (0), 1 1¢ (1),9(@ (0)}; Xz = (471g (0), 19 (1), 7 G@(0))}; 

Xis = {1 1 @ (0), p(L), 1 1p ((O))}; Xue = (1 1g (0), 1 19 (L), 

| Pp @ (0), 1 ig @ ())}; 


LE == = 
ET LE Oe ATO WCF 


hie 10 (0), Ip (1), 19 (V Ja)}. 


HlocTpoeHHbiit NOHbIM Klacc BbIOopoB cilyyas (1) JaeT BO3MOxHOCTb Jo- 
Ka3aTb CJleflyioulylIo Teopemy: 

Teopema 1. JIycme H*—npouscoacnoe Henpomusoperueoe ucaucacnue. 
Hatidemca ucaucaenue H7 (1 < i < 15) makoe, umo ece akcuomet H* ee1eodumol 
6 ucuucaenuu H?. 


HametTum cxemy JoKa3aTepcTBa Teopempr 1. Ilyctp H* — mpousBoubHoe 
HeMpOTMBOpeunBoe UcuucsIeHve. CpelH 3/leMeHTOB MOuHOrO BHIOOpa cayyaes (1) 
Ha OCHOBaHHH Olpeyenenua 3 HaligeTca BHIOop cilyyad X; = {£i,... , £p} 


TakOH, YTo ucunceHue H* [#1,...,,] HempoTuBopeyuso. Ilycts € — ero 
e€CTeCTBeHHaA MOsleb. C MOMOILbIO AKCHOMbI OJHO3HAYHOCTH WM aKCHOM 
| &i,...,€, HaxouTcH mMo_Moyetb ©’ ModeiM €, cosepxamladt TpH 32memenTa 
40, 1, B}, rae B —oguna u3 dopmya g (0), @ (1), 9 @V Ja),aV a. Kax- 
' joeus ucuucnenui H7 (1 < i < 15) uMmeer TouHyi0 MOjeuIb U3 Tpex 3JieMeHTOB 
{n, u, 6}. Mojenb €’ oKa3bIBaeTCA H3O0MOpPHOH TOUHOH MOeH OHOTO H3 


ucuucnenun H;. CneqopaTeibHo, Ha OCHOBaHHH JIeMMbI 2, McuNCuIeHHe 
H* (#1, .. . ., £,] wmeeT Mojemb10 TOUHYIO MOeIb HEKOTOpOoro ucuNcIeHuA H?. 
B cuay nomnots! ucuncsienua HH? Bce aKCMOMbI ucuuCeHHaA H” BbIBOAMMbI B 
ucuucnenun HH}. 
Caenetspue. Ecau ucuucienne H* nempoTuBopeyuBoe Hu nowHoe, 
TO Haliqetca ucuucuenue H; Takoe, TO KsJaCCbIl JOKa3yeMbIX PopMy dA ucuNCue- 
Hun H*, H; copmaator. 
Teopema 2. ITycme T* —npouseorenoe Nenpomusopeuucoe KON- 
CMpPYKMUBHOE UCHUCAeHUE BbICKA3bIBAHU C OONOAKUMeAbHO Onepauyuet. Hati- 


ond 


—s 


——— 


* 


Oemca ucuucnenue H7 (1 <i< 15) makoe, »umo éce aKkcuomol ucaucaenu 
T° eoeodumet 6 ucaucaenuu HH”. 
Ji lOKa3aTebCTBa TEOPeMbI 2 UCIOIb3yeTCA MOHSITHE HEMPOTHBOPeYHBO 


CTH ucuHcJIeHHA 7 OTHOCHTebHO ucuHCeHHaA H. Vicuncaenue T* HenpoTu 
BOP€4HBO OTHOCHTebHO HcuHCeHHA H, eculM KaxkJand POpMywa YUCTOH JOruKH 


BHIBOLMMad B HcuHCIeHHH 7°, BbIBOAMMa H B UcuNCHeHHU HH. 
Ucuucnenne T° pacuiupserca c MOMOUIbIO HeKOTOpOroO BbIOopa cyan J 


ucuucnenua T° [£1,..., £,], HempoTuBopeyuBoro oTHocuTembHo HW, u qa 
lee IIpOBOAHTCA paccy2KeHve, aHaJloru4yHoe aHHOMy B Teopeme 1. 


Bcecor3Hblli Hay4HO-HCCleqOBaTeIbCKHH WHCTHTYT Tocrynusto 
9JIEKTphHKaWHH CeJIbCKOrO XO3AHCTBA 28 II 1961 
IMTHPOBAHHAA JIHTEPATYPA ‘ 


19.C.Cmetauuy, Tp: Mock, matem. o6m., 9, 357 (1960). 2 B. JO. Tluapbuak, 
Ykp. Matem. 2#ypH., 4, 174 (1952). 
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Aforaage AkagemMun nayx CCCP 
1961. Tom 139, Ns 2 


B. X. XAPACAXAJI 


es 


OB OAHOM METOJE UCCJIENOBAHHSA JIMHEMHbIX CHCTEM 
AMPPEPEHUMAJIBHbDIX YPABHEHMU 
C KBASHHEPHOIMYECKHMH KOIP®HLMEHTAMH 


(ITpedcmaeaeno axademuxom H. I. Tlempoecxum 7 III 1961) 


a 


PaccMoTpuM cHcTeMy ypaBHeHHli 


dx f 
Tae Papeete 8 =) | eum ate (1) 


RE A NES OTe Same a AS 


m3vcom B1,..., Bm. Tem camp Ps, (t) = Foe (t,.. ., 1), THe For (a, . . » Un), 
“HempepbiBHBie hepuonuyeckue (byHKLHM 10 repemenHbIM Uz C Tepwoxamu ap 
= 2n/B, (7). CoctaBum cucTemy 


; 
b 
t 


dx, pos nan dx, 
C1 IT oe ay em ae a 
oy 
ht Ecam x; (ty, ..., Um) — HeKOTOpoe pellieHuve cucTeMpl (2), TO Ha JMaro- 
BHatH a; =... = a Fi = t OHO aeT pemwenue x; (t,...,¢) cucTemp (1). 


' Hao6opor, ecu x; (t) — IpOW3BOJIbHOe pellieHve CHCTEMbI 1 (1), TO wepe3 Hero: 
MpoXogUT H MpHTom 6eCKOHEYHOe MHOXKECTBO pellieHui CHcTeMbI (2). OueBuyHO, 

BCerya MOKHO BbIOpaTb TakHe pelleHHA CHCTeMbI ypaBHenul (2), uToOn Ha 
Bees OHM Jabal (byHaMenTasIbHy!o CHcTeMy pelleHuli ypaBuenuii (1). 

; Tlonb3syacb MepHoXM4HOCTHIO KOsppulLHeH TOB F., CucTeMbI (2), MBI yeta- 
| HOBMM B OJHOM cilyyae anamMTHYeCKHii BUA peleHHH CHCTeMbI ypaBHeHHH (1). 
» Ilyctp 


| Xk (uy, Eo ae Um) ++ 5 Xnk (4, at ? Um) (k a ie ee n) (3) 
in pellleHHH CHCTeMbI ypaBHeHHii (2) TaKUX, YTO AMarOHaJIbHbIe (yHKILHH 

' 

. ee i: Dee nieexdes Looms, Odea dy aaa) 


MpeACTaBsAIOT (pyHaMeH TaJIbHYy10 cucTemy pemeHui ypapuenui (1). Torga 
BCAKOe pellleHHe cucTeMbI ypaBHeHHi (1) uMeeT Buy 


Se eee. (..., 0+... + en%n F,..55,) C= Weer an as" 


@. 2C€ Ce — NOCTOAHHBIC. 


: MATEMATHKA 
b | 


“rye Psp = Psp (t) — KBasuMepHowuyecKue (yHKUMH C OOMIMM 4acTOTHBIM 6a- 


Ox 
} \ i eee (Sie Aaa fo) (2): 
i a k ZI) 
' Tak Kak cucTema (2) 9KBUBaIeHTHa ypaBHeHuI0 
i oven Bae, 
a eZ 
ou, ! py As Ox 0, 
k=1 y gil 


TO €€ pelmleHHA CYIMeCTBYIOT, eCJIM CYILeCCTBYIOT IiepBbl€e MHTerpaJibl CHCTeMbr 


w 


Ecam B dyHkunax (3) Kakoro-HHOyb pellieHHA CHCTeMbl ypaBHeHHi (2 
3aMCHHTb Bce U; Ha Uj; + ;, TO, B CMY NepHoqMyHocTH KOSppuUneHTOB Fx 
CHOBa TIOJyYHM pelleHHe CHcTeMbI (2). 

J\maronabuble (yHKuHH xX. (t+,,...,¢ +m) OT BHOBb Toy 
yeHHOTO pellleHHa cucTembI (2) OyayT MpelcTaBATb coOol pelleHHe cu 
ctembl (1). Tlosromy Ha ocHoBaHHH (4) HMeeM | 


Xen (PE Or, ee , bt On) ie art ee Xsn (t,...50) 
(Ry el eee 12), | 


Tylé Asp — H€KOTOpPble MOCTOAHHEIe. 
SameTuM, uTO ecu (3) cyTb n pelieHHi cucTembr (2), TO PyHKWAH 


Xe (ly, 5 Un) = Ake (th, « . eee ene) 
(Stair) 
Takxke pellieHHe cucTembl (2). Sfecb Ag = Ag (U2 — Uy,..., Um — U1) 


IIPOH3BOJIbHbIe LUGpepeHuMpyeMble (PyHKUMH CBOHX aplryMeHTOB. 
Ecuu B (5) yBeMYHTb BCe apryMeHTHI Ha MepHOsb! we, TO byHKuMH Az B O04 
mleM CJITyuae H3MeHATCH. 
B jasmbHeiiiem OyeM lpeAnosaraTb, To cucTema (1) TakoBa, 4TO H3 COOT 
HomeHHA (4) BbITeKaeT COOTHOLMIeHHE 


x,(2 +o,,...,t aia 
= Ci X51 (¢ a (is & 6 6 9 il ==  m) — a 405 + CnXsn (¢ ay Cin om oo t + m) 


JlerkO MpHBecTH TIpHMepbl JIMHeCHHBIX CHCTeM C KBa3HMepHOLMYeCKHMHI 
KOSPPHIUMEHTAMH, KOTOPble YOBJIETBOPAIOT YCJIOBUIO (a). 

ByleM HCKaTb Takoe ¥acTHOe pellieHHe Ye CucTeMbI (1), yOBJIeTBOpAIOLe 
YCJOBHIO (a), KOTOPOe YAOBMETBOPAeT COOTHOLIEHHIO 


Uy (b Ae Oy, ae ly) et eee 


rye 4 = 0 — nekoTopoe noctosHHoe. Tlomyuum, 4To A fOJKHO ObITb KOPpHeM 
y paBHeHua 


o 


Pear =a) 6) 


rye a — MaTpHlla, COCTaBJIeHHaH H3 MNOCTOAHHBIX ds,, HU E — eqMHHuHaA 
MaTpHua. YpaBHenne (6) OyleM Ha3bIBATb XapaKTepHCTHYeCKHM ypaBHeHHeM 
cuctempl (1). 

SaMeTHM, TO eCJIH CucTeMa pelleHui (3) ypaBHeHHuli (2) TakoBa, 4TO PyH- 
JaMeHTaJIbHawA CHCTeMa pelleHHi CHCTeMbI ypaBHeHui (1) onpenesaetca Ha-| 
WaJIbHbIMM YCAOBUAMM: x, (0,.. .|, 0) = l,ecnus =F, ux, (0,... 5 0)—=303 
ec s=—k, To ypaBHenue (6) MoxKHO 3anHcaTb B Bue |X (w1,..., Om) —| 
—hE| =0, re X (uy, ..., Um) — MaTpua, cocTaBseHHaA M3 pelleHuli (3)| 
CHCTeMbI (2). 

OObIUHBIMM MeTORaMH JIerKO JOKasbIBaIOTCA MOJIOxKeHHA: 

I. Xapakmepucmuueckoe ypaenenue (6) He usmeHUuMmca, ecau cucmemy (1) 
nodeepeHyMb HeOCOGEHHOMY AUNELNOMY NpeoOpasoeaHUlo C KeasunepuodUuecKUMU 
Kosapuyuenmamu c oOtuum “acmomnoim Oasucom f1,..., Pm. 

Il. Kopxu hy, xapakmepucmuueckoeo ypasHenus (6) He 3aeucam om 6o1bopa) 
dyndamenmanonoit cucmembl pewenut cucmemo. ypaeHenuti (1). 

Il. Kascdomy Koprto dp, xXapakmepucmuueckoeo ypaeHenusa (6) coomeem- 
cmeyem petulenue ypaeHenutt (1) euda 


x, (t) = On@yie = |) (sca eee 
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Ore 
’ (0164 + nine =" Or0, 
6, — HeKomopole NOCMOANHOLe, CpeOU KOMOPeLX MOeyM OolIN’ PaBHole HY AIO. 


TakKHM OOpasoM, B Culy¥ae pasJIMYHbIX KOpHeH ypaBHeHHa (6) oOmlee pelte- 
-HMe cucTempr (1) HMeeT Buy 


ede Q, (t) — Kea3unepuodu4ecKkue qyHKuUU U Ap= 


In Ne 


me et OD. () + 2 ce ©, (0) (s = 1, . ayn): 


' Tile Cy — NPOHS3BOJIbHbIe MOCTOAHHBIe. 
PaccMoTpuM CJly¥aH KpaTHbIX KOpHeH ypaBHeHusa (6). Ilycrb Matpuua a 
MMeeT JJIEMeHTAPHble JeIMTe/H 


jaa 


a a 


(A —Ay)%,. 2. (A Ap)”, 


me g, +... +4, =n. Benwunupl A,,...,Ap, Ip 3TOM He O6A3aTeEbHO 
 pa3MuHbl. B sToM culyyae Mouyuaem p rpylil pewennit. 
Hampumep, rpytina, oTBevawulad KOpHiO Ay, HMeeT BUY 


er (ey) — et! Oz, (1), 


- 


a 6 OP geste 


> 


xno (t) =e" [On (+ 52 On |, 


PNT Ee ee 


mle mse) 
Beane [ait + 4 Og) +--+ HOw 
(etal, ess key tft) 
rye 
: Oly a ie Onlin 
lat () a (t, oOo G t), g (4, tie) Um) a OO ae -n- Ir Og, OF, 


Takum o6pa3om, pesybTaTp! DuioKke (7) MOJIHOCTbIO pacipocTpaHAIoTCA Ha 
clyyal KBa3HMepHOAMyecKHX KOSCPHUMeHTOB. 

3ameTum, uTo ecmu cuctema (1) yqoBseTBopaeT ycoBnio (a), TO H NpHcoesH- 
HeHHaA K He CHCTeMa YOBJIETBOpAeT STOMY YC.OBHIO. 

: Orcioa, B YaCTHOCTH, culeqyer: 

IV. Cucmema ypaenenuti (1) npu nomowu neocobennott auneuHot NoOcmaHos- 
KU C KeasunepuoduuecKumU KoOsGppUYueHmMamu mooem Ooi NpueedeHa K Cu- 
cmeme C NOcMosNHolmu Koagbipunuenmamu. 

Takum oOpa3om, cucTema ypaBHenuii (1) c KBasunepHoquueckumH Koappu- 
UMeHTaMH, YMOBNeTBOpAIOULAaA ycvlOBMIO (a), BeseT CeOA TAK *Ke, KaK CHCTeMA 
ypaBHeHui C MepHoswNyecKHuMH KOS*PvIMeHTAMH. 

Yka3aHHblli MeTOL HcCJIelOBaHHA MOxKeT ObITh NPHMCHEH HM K JIMHeHHbIM 
CMCTeMaM C T1OUTH-NepHosNyecKuMU Kos@puuNeHTAaMH C WeJIbIMK YaCTOTHbIMH 
6a3ucaMu. 

Buipaxaro riyOoky1 OarogapHocTb upod. b. M. Jlesurany, ykasannamu 


KOTOPOrO A MOJb30BaJICA B ITOH paooTe. 
Tlocrynuuo 
PL TOST 


WMTHPOBAHHASA JIMNTEPATYPA 


15. M. Jieputan, Tourn-nepnoguueckune (byHKuAH, 1953) My (Greralroudriiests 
Ann. sci. de 1’Ecole norm. sup., 12 (1883). 


aj 
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Woxruaygn Anagemun nHayk CCCP 
1961. Tom 139, Ni 2 


MATEMATHKA| 


A. B. WTPAYC 


O HEKOTOPbIX CEMEMCTBAX PACHJIMPEHHH CHMMETPHYECKOLO 
ONEPATOPA 


(ITpedcmaeaeno akademukom A. H. Koamoeoposoim 17 III 1961) 


B HacTOAMeH 3aMeTKe H3y4aIOTCA HEKOTOPble BOMPOCbl TEOPHN pacuinpeHu# 
CHMMeCTPHYeECKHX OMepaTOPOB, MPHMbIKaIOUHe K CMe€KTPaIbHOH TeOPpHH HM CBA- 
3aHHble C pesybTatamu M. A. Hatimapxa ((2), cm. Takxe (*)). Ha stol ocHoBe 
paccMaTpHBaeTCA CHHIYJIApHad KpaeBad 3ayaua Jaa ypaBuenna / [y]— Ay = OF 
C KpaeBbIMH YCJIOBHAMH, 3ABUCALLMMM aHamuTuyecku OT A, rel [y] — dopmaub- 
HO CAMOCOMPsxKeHHOCe COLIKHOBeHHOe HddepeHUMaIbHOe BbIPaxKeHHe YeTHOFO | 
nopaaKa. K kpaeBbim 3aauaMm TakOro THMa NPHBOAHNT, B YaCTHOCTH, HPHMeHeHHE | 
MeTowa Dypbe pH H3yYeHHH KOWeOaHHii YaCTH KOHCePBaTHBHOM CHCTeMBI. | 
TloaBaenuve napametpa A B KpaeBbIX YCJIOBHAX CBA3AHO C TEM, UTO 3TH YCOBUA | 
MOryT 3aBHCeTb OT TaKOH, HallpHMep, YACTOTHOH XapaKTepHCTHKN OCTaJIbHOM 
yaCTH CHCTeMBI, KaK ee JHHAMHYeCKaA MOLaTIMBOCTb. 

1. Ilyctb A — 3aMKHyTHIi CHMMeTpHueCKHH ONepaTOp B rHJIb6epTOBOM TIpo- 
cTpanctse H c nnoTHOH O6sacTbIO onpesenenua D,. PaccmoTpum ypaBHeHue 


Al eel (1) J 
rae A — Kakoli-mM60 CaMoconpsKeHHBIH olepaTop B rHJibOepTOBOM MpoctpaH- 
ctse H + AH, aBasiwululica pacuiupenuem onepatopa A. IlpennonoxKuM, 4TO: 


TpeOyeTcA HaliTH He CaMH COOCTBeHHbIe 3IEMeHTHI ONepaTopa A, a JMUIb UX | 
mpoekyuH Ha H. Ilyctb P u P — onepaTopb OpToroHaJIbHOrO MipoeKTHpOBaHHs © 


B 7 Ha nogmpoctpanctsa H xu H © H coorTsetcTBeHHo. OOo3HauHM Yepes By 
Ip J0GOM KOMIWIeKCHOM A MHorooOpasHe Bcex f€Dx, MIA KOTOpbIX 


P(A —iE£) F =0. Onpenerum onepatop B, B H, nonaraa Dg, = PR, 


B,Pf = PA } (f€ B,). STo ompeyenenue KOppeKTHO, H Mp J11000M KOMIMJIeKC- 
HOM 4 uMeem A (CB, (CA. YecuIOBUMCA TOBOPHTb, 4YTO TaK OlpeyeseHHoe 
ceMelicTBO ONepaTopoB B,, 3aBHCAMLMX OT KOMMJIeKcHOro Mapametpa A, HH- 
iyuupyetca B H caMocolpsxKeHHBIM paciuMpeHwem A onepatopa A. 

CrpaBeJIMBo CJuleLyrollee MpeqMOM0*KeHHe: Np JOOOM KOMIIeKCHOM 4 COBO- 
KYNHOCTb BCex pelleHHi f/ ypaBHeHHA 


Byf —Af = 0 (2) 


COBMaLaeT C COBOKYMHOCTbIO BCEBOSMOXKHBIX JIeMeHTOB P/, rye f yAOBJeTBOpAeT 
ypaBHennio (1) mpH Tom xe A *, = 

Vitak, eCJIH HaC HHTepeCyIOT JIMUIb MpOeKIUMH COOCTBEHHEIX 9JICMeHTOB Olle- 
patopa A ua H, To ypaBHenue (1) MoxHO 3aMeHHTb ypaBHeHHeM (2). Ilostomy 
HeOOASATeIbHO MpellodaraTh USBeCTHBIM onepaTop A, a JocTaTOuHO 3ajaTb 
HHyunpyemoe uM B H cemelicTBo By. EctecTBeHHO BO3HHKaeT BOMpoc O BHYT- 


* Orcioga clenyeT, UTO Tpit HeBemecTBeHHOM A ypaBHeHHe (2) HMeeT TOJLKO HysleBoe pe- 
weHHe. 
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eHHeH XapakTepHcTuke cemelicts B,, KoTopple uH_yuupyioTca BH pasaud- 


| Ip mo6om BeulectBennom A onepatop B, sBaAaeTcs CHMMeTpHuecKUM. IIpu 
J060M HeBelllecTBeHHOM ) onepatop B, — AE obsazaet orpaHHueHHbIM OOpat- 
HbIM, KOTOPbIH OllpeyesieH Ha BcemM H, uM ANA mo6oro hE H 


; (By —AE)h = P(A —2E)"h (Im a+ 0). (3) 


_ CorsacHo @opmyue (3) onepatop (B, — AE)-! np mo6om HeBetlecTBeHHOM 
‘A copmafaeT c oO0OIeHHOH pesobBeHToH R, onepatopa A, MOpoxK JeHHOH 
CaMOCOMPsXKeHHDIM paciiMpeHuem A (cM., Hampumep, (?), ctp. 377) 

| O6o3Hauum uepes RN, mpH m06oM HeBelecTBeHHOM ~: jetbeKTHOe MOsMpo- 
TpaHCTBO OMepaTopa A, cocToslee M3 BCex pelieHuli ypaBHenua A* @ —pp=0. 
‘Ecuu F — kakoi-60 JMHeliHbI ONepaTop c OGnacTbIO onpeleteHHaA Den 
| Hc oOlacTbio 3HayeHHH B -, To vepes A r OOosHauHM ONepaTop B H c oOmacTbIO 
oupeyenenun Da, =D4 +(F —E)®,, yaosnersopstomuit cooTHomenuio 
A Ase A’. . 

| MWlomyyenuas astopom ((*), Teopema 7) dopmMysa Bcex O6OOULeEHHEIX pesOub- 
BEHT CHMMETPHYECKOTO OllepaTopa NO3BONAeT CueLyIOUlMM O6pa30M OMHCaTb 
BCeBO3MOXKHBe ceMelicTBa By, WIA HEBeILeCTBEHHBIX A. 

» Teopemal. Cemeticmeo onepamopos By, 3aeucsuyux om neeewuecmeen- 
#020 napamempa A, uxOyyupyemca 6 H nekomopeim CamoconpsoKeHHbiM pacuutt- 
pexuem onepamopa A moeda u moaoko moeda, Ko2eda Bx Oonyckaem npedcmaeé.e- 
Hue 


. 


2 (Ara, npu ImA-Im Ao > 0, 
* lA peg) npu Im d-Im bo <0, (4) 
20e ho — cpukcuposannoe nesewwecmeennoe 4ucao, F (A) — neKkomopolli aunetinottt 
onepamop u3 %, 6 Re saeucuuyuli om % u yOobAeMB6OpAIOLUL CAeOYIOLUUM YCAO- 
eusm: 1) | F (A)| <1 (ImA.-Im Ao > 0); 2) F (A) ecmo anaaumuueckasn onepa- 
“mopHas dyxkyus om 6 noaynaockocmu (Im A-1m ho > 0). 

| OTOT pe3ybTAaT He JaeT ONMcaHuA ceMelicTBa By IWIA BelleCTBeHHBIX 3Ha¥e- 
“Hui A, KOTOpble MpeAcTaBJIAIOT OCOObI MHTepec, TaK KaK JIMUIb Mp TaKHX A 
-ypaBuenve (2) MOvKeT HMeTb HeHYJIeBbIe pelleHHs. 

_ Tlpvuumasa Bo BHUMaHHe cbopMyvly (3), HETpyAHO 10Ka3aTb, 4TO ONlepaTopHaA 
«byHkuua B KomMieKcHoro mapaMetTpa A HellpepbiBHa B J000H HeBelllecTBeEHHOH 
“TOUKe ». B CJIeMyIOllleM CMBICJe: MpH A — vw pacTBOp MexKjly rpadukaMu onepa- 
topos 6, u B, crpemutcs K HyJo *. B TOUKaX BellleCTBeEHHOH OCH ONepaTopHaa 
byHkuua B, ne Bcerga Hempepbipna. Culeqyroulad TeopeMa JaeT NOJHOe Omca- 
“Hue TeX ONepaTOpHbIX @yHKuUMH B,, KOTOpble OKa3bIBaIOTCA HellpepbIBHbIMH 
BO BCeH KOMIVJI€EKCHOH IIJIOCKOCTH. 

_- Teopema 2. Iycme A — samkxymoul cummempuueckud onepamop 6 H 
“€ paeHoimu Oedexmnoimu wucaamu. Cemeticmeo onepamopos By, undyyuupyemca 6 H 
“HeKOMOpbIM CAaMOCONpsANKeHHbiM paciulpenuem onepamopa A, u By seasemca 
“HenpepoleHot onepamopnott mynkyueti napamempa h 60 ece KomnAeKcHOu naoc- 
Kocmu moeda u moAvko mozda, Ko2da onepamopHasn dynKuus F (A), exodmuaar 
6 mopmyay (4), 6 Oonoznexnue K ycaosusm 1) u 2) meopemet | yOoesemeopsem mak- 
oe cnedyroujum: 3) F (A)—nenpepoieHan 6 cMbicae paeHomepHot cxodumocmu one- 
“pamopos myxnkyua napamempa 6 3amKnymot noaynaockocmu (Im A- Im ho > 0); 
4) npu ato6om eewecmeennom AK F(A) ecmb us0mMempu4ecKu onepamop, 
“omobpasicarouutl N,, Ha Nx. Mpu evinoanenuu ecex amux ycaosui dopmyaa (A) 
“ocmaemca cnpasedausot u Orn stobo20 eetuectmeeHnozeo h, m.e. By = Ara) = 
i Ar+a) (Im A= 0). 

4 ' 


* Ompemetenve pacTBopa JByX JIMHelHbIX MHOroOOpa3sHii MpHBOAUTCA, HampuMep, B (*), 
Yetp. 105—108. 
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2. Hycrs / [y] — dopmanbuo camoconpsKeHHoe OObIKHOBeHHOe Audpdpepen- 
1[MaJIbHOe BbIPaKeHHe NOpAAKa 2N C BelleCTBEHHbIMH KOS@PHUHeEHTAaMH, yOBJIe- 
TBOPAIONIMMH B TpoMexyTKe (a,b) ycOBHAM JlOKaJIbHOM CyMMMpyeMocrTsH. 
Buipaxkennem / [y] nopoxgaetca B IpoctpanctTBe L? (a, b) 3aMKHYTIM CHM- 
MeTpHueckHi udpepeHwnabHbIi oepatop L C MHHUMAJIbHOM OOaCTbIO 
oupenenenHa (*). [lpeqnonox*KuM, 4YTO KOHelL a perysapeH, Db CHHryJapeH 
uTO onepaTop £& WMeeT HHJeKc feceKta (n, n). Ecam y (x) — dyHKuMA, WA 
KOTOpOH BbIpaxkenue / [y] uMeeT cMbICJI, To Yepes ¥ (x) O603HAYHM BeKTOPHYIO. 
ynKnO (Y (4), YE) ees te (x)), re y!*l (x) ecTb KBa3HMpoH3Bo]- 
Had MopsyKa k, uw Oyem paccMaTpuBatb y (xX) Kak MaTpHuy-cTol6en. Ksanpar- 
HyIo Matpuny J = || ex||7" ompememwumM paBencTBaMH: &,, = 0 mpu i +k=- 
s=22n +1; ey = sen (i —k) pw i. 4) 2n Jol (Rl) 2 eee 

BBeleM B paccMoTpeHHe KJlacc K BCeBO3MOXKHBIX MATPHUHEIX dyHKUAH 
U (A) KomMuleKcHOrO TlapaMeTpa A, COCTAaBJICHHBIX H3 fl CTPpOK H 2n cTOJOWOB 
H YNOBJIETBOPAIOMINX CleLYIOWLHM yCJIOBMAM: a) U (A) ecTb MepoMopdHaa PyHK- 
WHA OT A, He HMerwollad OCOOeHHOCTeH Ha BelLeCTBEHHOH OCH; 6) pH st0O0M 


HeBeLILECTBCHHOM A, OTJMUHOM OT MouocoB (byHKuHH U (A), — U (A) JU" (A) <0; 


B) paHr MatpHupt U (A) pH 060M A, OTJMYHOM OT ee MOJIOCOB, paBeH 71. 
C MOMOLLbIO TeopeMbI 2 JOKasbIBaeTCA CJleMyrollee NpeWiowKenHe: 
Teopema 3. JTycmo U (A) — npouseorbHan mampu4Han dynKuuA Us 
Kaacca Ku npu anb6om r, omAu4HOM Om ee noatocoe, onepamop By 6 £? (a, b) 
onpedeasemcsa KaK 4acmo onepamopa L*, sadannaa Ha mHOeoo6pasuu Dg, éecex 


y (x) €EDg+, Komopole yOoeremeopstom Kpaesomy ycaoeuro U (A) y(a) = 0. 
Toeda cemeticmeo B, undyyupyemca 6 £? (a, b) HeKomopolm camoconpAdKeHHOLM pac- 
wiupenuem onepamopa £ u onepamopnasa dynkuua B,, Ooonpederennas coom- 
eemcmeyrollum OOpasom 6 nosrocax dyxKuuu U (A), AenpepbieHa 60 6cett KOMNACKC- 
HOU naocKecmu. OOpamno, ecau cemeticmeo onepamopoe By, uxOyyupyemca 6 
£? (a, b) HeKomoperm CcamoconpsKeNHbiM pactuupeHuem onepamopa £ u onepa- 
mopuxas dynxkuyus B, nenpepbiena 60 6ceti KOMNAeKCHOU NAOCKOCMUU, MO 6 KAaACce 
K cywecmeyem mampusnas dynkyusa U (A), c nomoijoto Komopoil cemeticmeo By 
onpedeasemcA YKA3AHHbIM é6bliLe OOpas0M. 
PaccMoTpHM kKpaeBy1o 3ajauy: 


l [y] — day = 0; (5) 
U (\) ¥(@ =0; (6) 
y (x) € £2 (a, 0), (7) 


re U (A) — Kakas-mM60 MaTpwuHad dbyHKuNaA u3 Racca K *. Sry 3anauy 
MOXHO 3allMcaTb B BHJe ypaBHeHHa 


Bay — hy = 0, 


re B, — cemelicrso pacuimpeHuli onepatopa £&, onmucaHHoe B Teopeme 3. 
IlyctTp 


Zi (Ry AS on (eee eco ar) (8) 


JIMH€HHO He3aBHCMMble pelieHis ypaBHeHHusA (5), yMOBJIeTBOpsAIOWHe KpaeBOMy 
ycoBuio (6), OmpeyeveHHble JJId BCeX BelIleCTBCHHbIX 3HA4YeCHHM MapamMeTpa A» 
M HElNpepbIBHble OTHOCHTeJIbHO A Ha BCeli BelllecTBeHHOM ocu. Marpuiy-cTo6em, 
COCTaBJICEHHYIO H3 (byHKUHH (8), O603HaYHM Yepes Zz (x; A), a Yepes 2’ (x; 5) — 
TpaHCHOHHpOBaHHY1O OHOCTPOUHYIO MaTpHILy. 


* AHaJOrHuHad KpaeBad 3afaua JIA ypaBHeEHHA BTOporo mopsyKa usyyuasacp B ('). 
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Teopema 4. Jaa aobou dyakyuu f (x) € £? (a, b) umeem mecmo pas- 


| 
woocenwe 
| tse 
: fa=\ 2d EO, (9) 
bee 
E (fF: 3) =\F(S) 2559) ds, (10) 


Ja S (5) —nexomopas apmumosa mampuya n-e0 nops0Ka, seastowasca HeYyOol- 
garoiyet GbynKyued napamempa 6 (— co <6 < + 00); uNmeeparel 6 Popmysax 
(9) u (10) cxodamcs coomeemcmeenno 6 mempukax £? (a, b) u Ls (— oo, + 00) *, 
ITpu amom cnpaeedaueo paeencmeo 


4 4 | ae 
| \IF@Pae = | Bi 9) ds) (5 9). 


—oo 


; M3-3a HeJOcTaTKa MecTa Mbl He NPHBOAHM 3iecb cbopMy, Matoulux sccbexk- 
THBHOe MpaBHJIO MOCTpOeHHA MaTpHYHOH dyHKuHH ’S (cs). OTMeTuM, 4TO co6- 
cTBeHHbIe 3HaYeHHA KpaeBoli 3agaun (5) — (7) copnaflaroT Cc TOUKAMH pa3spbiBa 
byuKkunu S (5), a coOcTBeHHOe NOMMPOCTpaHcTBO, COOTBeETCTBYIOUIee COOCTBEH- 
pony 3HaveHHIO A = 6, HMeeT pa3MepHOCTh, paBHY!1oO paHry MaTpuub S (s + 0)— 
— S (s+ 0). 
Popa (9) saBJseTCA pealM3auveH aOcTpakTHoro pa3iowKeHHua [| = 


= i dE.f (f€ H), roe EF; (— co <t< + o) —ciextpaibuand dyHKuusa 


cuMMerpHueckoro onepatopa A B H, cBA3aHHax CO CieKTpaJibHol dyHKuHell 
E, (— 0 <t < + oc) camoconpsxennoro onepatopa A > A B HH op- 
mysioh M. A. EeHaREe (cm., Hampumep, (2), ctp. 370—372) E;f = PE;f (f ¢ H). 


B paccMaTpHBaeMOM 3jeCcb cilydae He (G0) Ay eee omepaTop A, 
KOTOpbIi He MpemnosaraeTcAd W3BeCTHIM, HHAyWupyeT B L? (a, b) cemMelicTBo 
onepatopos B, > £, onpexesAembIx C MOMOLIbIO KpaeBbIX yCOBHii (6). 


Tloctynusio 
8) TOE IRIS) 
IMTHPOBAHHAA JIMTEPATYPA 


: : A.Hatimapx, Usp. AH CCCP, cep. matem.,'4, No3, 277(1940). ? H.W. A xne- 
Bep, M. [aa3mMau, Teopua JHHeHHEIX omepaTOpoB B IHJIbOepTOBOM NpocTpanctse, 
Mn 1950. *% A. B. It payc, H3s. AH CCCP, cep. matem., 18, Ne 1, 51 (1954), 
“ A. B. Witpayc Mss. AH CCCP, cep. matem., 20, Ne 6, 783 (1956). 


be Le (— oo, +00) ecTb rumbOepToBo a N-MePHBIX BeKTOPHEIX MYyHKILUIt 


| u Ko) = a (5), n2(s),---,,(5)) (—- ~~ <5< + c), paccMaTpMBaemMbIX KaK MAaTPUHIlbI- 
-+oo 
ee CKalApHoe Mpon3sBesenue onpegennerca copmyso (yn, X) = \ x%* (s) dS (6) 9 (5). 
—0oo 
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Jloxxaynp AnagwqemMun Hayk CCCP 
1961. Tom 139, Ne 2 


KHBEPHETHKA H TEOPHA PET YJHPOBAHHA 


M. H. BAMHLBAHLE 
O MOLHOCTH CXEM H3 ®YHKUWMOHAJIbHbDIX IJIEMEHTOB 
(ITpedcmaeazeno axademuxom A. H. Bepeom 10 VIII 1960) 


OHO M3 OCHOBHBIX 3aay KHOePHETHKH SABJIAeTCA 3afaua CHHTe3a yipaB- 
JIAIOULUX cucTem. CnemMduka STOM 3aauH 3aBUCHT CyLeCTBeEHHbIM OOpa3som OT | 
BbIOOpa KMacca YIpaBJIAIOWINX CHCTeM, a TaK?Ke OT cnocoOa OMeHKH HX CJIO%K- 
HocTH. B uwacTosmeH pa6oTe B KayecTBe H3y¥YaemMoro KJlacca YyMpaBJIATOULuXx 
CHCTEM B3AT KJaCc CX€M M3 PYHKUMOHAJIDHBIX 9JIEMEHTOB. Ga HHACKC MPOCTOTHI | 
TaKOH CXe€MbI BbIOpaHa HEKOTOPAA BeJIHYHHA, XapakTepu3yloulad PyHKIHOHH- | 
poBaHue cxeMbl. B wacTHOCTH, 9TO MOKET ObITb CPpeMHAA MOLM[HOCTh CXeMBI, | 
MAKCHMAaJIbHaA MOLULHOCTb CX€MbI, M@KCHMAJIbHOe YHCJIO OJHOBPeMeHHO BO3- fF 
6yYXMeCHHbIX 3JIEMeHTOB HW T. 2. Mcxoga u3 sToro HHXeKca, BBOAUTCA OGbIUHBIM 
o6pa3om dyukina Mlenuona. Iloka3ano, uTo 5Ta PyHKWHA Mp H3IMeHeHHH 


ott 
KOHEUHOTO Oa3uca MeHAeTCA B Tpefesax oT Cyn fo Cy, ie C, u C, — HeKo- 


TOpble KOHCTAHTbI, 3aBHCAMIMe OT OasHca. YcTaHaBJIMBaeTCA, YTO STH OMCHKH 
ABJIA}OTCA TOUHBIMH. 

1. Byfem paccmaTpuBaTb cxeMbl S 43 yHKUMOHAJbHBIX 3JIEMeHTOB Y%;, | 
TIpHHaieKalluX HeKOTOpOMy MHOxKecTBy % = {%;} uM peaNM3y1OWlHXx CoOT- | 
BETCTBCHHO (PYHKWMH f, (x1, ... , Xe,) aulreOpbi Joruku. (I]lpemnomaraetca, 4To 
cucTema dynkuni {/,} Moma.) Kaxyomy aementy Y%; u HaOopy cocTosHHH 
€FO BXOJOB (6;, . . . , Sg,) COMOCTABUM UHCI €; (61, . . . , Se,) = ef, (51, .-. , Se), 
rye e; — MOJOKUTeIbHAA KOHCTAHTA. . 

PaccMoTpuM HekoTopy1o cxemy S Hay 6a3vcom Y%. SaHyMepyem Bce ee 93Jle- 
MeHTHI. Ha Bbixoye Kaxxgoro Y;; (j-H 9eMeHT i-ro THMa) peasu3yeTcA HeKOTOpaa 


byHKUMA @,, (51, ..., On) COCTOAHHM BXOJHBIX MovOCOB (BXOJOB) CXeMBI, H, 
‘CJICNOBATeIbHO, SJieMeHTy Y;; H HaOopy (5;,...,6n) OymMeT conmocTaBsJeHoO 
HCHO sC}) (Gay ape uO) eeener 0 (Gy Tisthe ee Opal 
Beem o6o3HaueHHe 
= 
Eg (Sy Shsncs Se) eC OE 
tj 
B kayecTBe HHJ€KCOB IIpOCTOTbI CXe€MbI BBeJeM UNCJAa 
{ 
Ey (S) = 55 D> By (S, 61, Jegetoay eee ena ee (Sore 


(91>+++15 7) (Str ++ 57) 


CojlepxkaTebHO HX MOXKHO MHTeplpeTHpoBaTb, HalpHMep, Kak cpefHIoIO HU 
COOTBETCTBEHHO MA@KCHMA@JIbHYIO MOLHOCTb cxembr S. 
Brelem dbyHKuHu 


Eq (f) = min Ey(S), Ey (f) = min Ey (8), 


MHHUMyM OepeTca lo BCeM CXeMaM S, peaJH3y10uluM yHKLMho /; 
Ey (n) = po Ey (f), Ey (n) = ces Ex (/), 
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‘ 


Wa 


|MakcumyM Gepetcs mo Bcem dbyHkunsan f oT n apryMeHToB. Tak Kak Bee 4MCMIA e, 

KOHCUHEI H MOSTOMY HE OKa3bIBaIOT BJIMAHMA Ha MOpaAnoK dyHKuHa Ey (n) 
* 

u Ey (n), TO, 2s MpocToTH, 6yyzeM nomaratTe e; = | (j= 1,2,.%%). B stom 

Cilyuae MHCKC MpOcTOTb! cxeMbI S OyjleT ONpeJeATLCA UMCJOM ee BO36yX]eH- 

HbIX 3JICEMCHTOB *. 


of > 

» 2. Ouepuquo, utTo Ey (n) < Ey (n) <Ly (n), rae Ly (n) — Haumenbinee 
HMciIO Takoe, 4TO M00ad cbyHKuMA f (x1,..., Xn) alreOpbl JIOrHKM OT n ap- 
TYMeHTOB MOxKeT ObITb peaH30BaHa cxemMolt S Hay Mf, B KOTOPOH 4HCJIO 9JIe- 
MeEHTOB He lIpesocxogUT Ly (n). 

/ Teopemal. {na «awb6oe0 6asuca ¥ 


* pit 
Ey (n)<S—. 


» B camom gene, Ly (n) <2"/n(*) gua mo6oro 6a3uca Y% u, 3HauuT, 
Ex (n) <S 2"/n. 

» Teopema2**. Jaa s6oe0 Koxewnoeo 6asuca % natiOemca maxkan 
Koucmmaxnma C > 0, 3aeucmuaa om basuca, 4mo ; 


Cn < Ey (n). 


Mokasateabctso. Paccmorpum cxemy S Haz MpoH3BOJbHEIM, HO 


KOHCYHEIM Oasiicom Y, peasusyrouly1o PyHKuMIo x, + x, +... +x, (mod 2). 
OTa cxeMa oOlafaeT CJleqyIOWlHM CBOHCTBOM: Ii Kaxkoro duKCHpoBaHHoro 
OCTOAHHA mOOHIX m—1 BXOMOB x1,..., X41; Xi41,---, Xn CXEMBI IpU 


‘M3MCHCHMH BXOa X; MCHAeCTCA COCTOAHHE BbIXOJa CXEMbI, a CHEMOBATEIbHO, 
(MeHseTCA COCTOAHHe XOTA Obl OMHOTO JJIEMeHTA, HeEMOCpeACTBEHHO COeMHEHHOrO 
oO BxojfoM x;. Ilyctb k — MaKCMMaIbHOe UHCIO BXOM0B Y 2/IeEMeHTOB H3 Y. 
‘Torga Kaxkbiit 9JIeEMeHT CXeMBI, a CJIEIOBATeIbHO, UM BOSOY2KJI@HHbIM, MOMKeT 
JObITb HeMOcpesCTBeHHO CoeqHHeH He Ooviee 4eM c Rk Bxomamu cxempr S. Orciona 
“rlouly4uaeM, 4TO cpesHee 4HCIO BO3OyKJeCHHbIX 3JIEMeHTOB, HellocpescTBeHHO 


i 
"coe JMHeHHHIX CO BKOJaMH CXeMbI, He MeHbille n/ 2k, T. e. 4 MOZaBHO Ey (n) > 5° 


_Teopema joKa3ana. 
» 3. Teopema 3. Cywecmeyem makoti Koxeunolt Oasuc YU, “mo 


Ey (n) < Cn, 


(20e C —Hekomopaa nonoscumerbnan KOKCMaHma 
' JLoxkasatemnmbcecrTso. PaccmotpyM 6asne YW’, coflepKallui crenyrouue 
/auleMeHTHI: %) peamusyeT M3bIOHKUMIO xy; %, peanusyeT oTpHuaHHe x; 
li 

Yo pealU3yeT KOHBIOHKILHIO X & Y. 


% 


® * MoxwHO OKa3aTb, 4TO eCAM KamwkyoMy HaOopy MepeMeHHBIX MpWNMcaHa HeKoTOopaa 
|“ HOJOXKUTeIbHAaA BEPOATHOCTh MOCTYMVIeHHA erO Ha BXOf CXeMBI, TO BCe OCHOBHBIe pesyJb- 
'TAaTLI OCTAIOTCH CHpaBeIMBEIMH. 

** Tina GeckoHewHoro 6a3vca Teopema 2 HeBepHa. IIpHMepoM MOxKeT CAyKUTE Oa3uc Y, 
-cocTtoamiua u3 Heliponos (1). B caMom jee, B 2TOM Oa3sHce m00at KOHBIONKIMA Bua 


3 ; “ 
xi1,....%) MPOWSBONbHOH, HO WKCHPOBaHHOH ANMHAI MN pealMsyeTCA OAHHM 9u1eMeHTOM, 


FPWueM B MHOTOMOsIOCHHKe, peaIM3ylolleM BCe TaKHe KOHBIOHKIA, Mp M0O0M cocTOAHHH ero 
BXOJOB OyeT BO3s6y2KTeH B TOUHOCTH OfMH SNeMeHT. Ju3bIOHKUMA MOOK AAMHbI Take pea- 
" AU3yeTCA OLHHM S7eMeHTOM. CueqoBatTenbHoO, moan pynKkuna f (%4,~.--,X,) (% Mpou3sBombHO) 


MoxKeT ObITh peamuzoBana cxemoli S nan Y, coorBercTBylonlel ee NpeAcTaBNeHHIo B coBep- 
eHHOH J. H. (cb. H uMeloule, B CuuIly CKa3aHHoro, He Ooulee AByX BOSOYAKJCHHBIX 97eMeHToR, 


% 
~e. Ey (n) <2, 
**#® MomwHO M0Ka3aTb, YTO ecm ¢,=1(i=1,2,...), TO Aad moboro e >0 nalinerca 


! * 
}TakoH Gasuc Y, ur0 E, (n)< en; ecmu me e; PaBHO THCY BXOOB S7eMeHTa %,, TO cyuie- 
erpyeT KoHcTanTa C, He 3aBUCAad OT Oasica, Takax, ITO Ey (i) Cr: 
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JlemMma 1. Cywecmeyem mxoeonoawcnuk *S'’ nad Yc n exodamu u 2 
uv on ey 
BOLXOOAMU, PeAALSYyIOLUUt BCE KOHDIOHKYUU Buda X;°,..., Xp tu maKkoil, 4mo 


PS (ST) eon: 


Toka3satTeabcTBO G6yfeM BecTH HHAyKUMeH lo n. Ina n= | 
yTBepoKeHve JIeMMbI CIipaBequBO. B caMoM JeJle, B STOM CJly4ae MHOFOTIO/IIOC 
HuK S’ MOXKHO MOCTPOHTb H3 OfHOrO 93JeMeHTa %, HU, CJeAOBATebHO} 

+ 2 
op AS) se eee 

JlonycTuM, 4To cyllecTByeT MHoronosiocHuK S; c n = ny — | BxoaMH| 
pealv3yiollHii BCe KOHBIOHKIMA JWIMHEI 1, —1 TaKoH, 4TO Ey (Si) < 
< 2(n, — 1). Tlokaxkem, uTo JeMMa BepHa JIA n = fy. ByJeM jlocTpanBaty 
MHOronosCCHUK Si po S’ caemyrouluM o6pa3om: 1) qo6aBumM K Sj, BxOo_ Xp, 


2) 97eMeHTOM %, peaIH3yeM Xp,; 3) BCe KOHBIONKIMU JVIMHBI M1 pealusyeM Jue 


MeHTaMH %, 3aMeTHB, ¥TO XT... xp™Gl- xn™ = A-xa™, re A — KOHDIONK 
WHA JJIMHbI Ny — 1; 4) BbIXOJbI COOTBETCTBYIOWIMX 3JIeMeHTOB Y%. OOLABHM BBI} 
xoaMH MHoromourocHuKa S’. 
OueBHaHO, pH TakKOM MocTpoeHHHu Ew (S’) = Ey (Si) +2 < Qn, = 2a 
JlemMa jOKa3ana. 
Jlemma 2. [Tycmb cxema S' umeem  6btx0d0e u peaausyem cucmemy 


Oo; Oo; 
PasAUYHELX KONTIOHKYUL A1,..., Ay (A; = %",..., Xn"). To2da cyuecmeye 
cxema S" Cc  6x00amUu U OOHUM 6biXx000M Maka, 4MO Np COeOUHEHULU 6bLX0004 
cxemol S’ € coomeemcmeyrouumu exodamu cxemolt S” noayuumca cxema S, peanu 


BYfOLUAA . / A;. pu 3mom 
a 
* 


Ew (S) < Eve (S’) +] log p[ * 


Hoka3zateabetBo. V3 aementop %o NocrpouM jepeBo  /WIMHbI 


| loge » [. Sto gepeso umeet | Berxog, 2)! Bxonop uw 2) '%eI1 — 4 
BXOJIHBIX 3JIEMCHTOB. Y HeKOTOPbIX BXOJHBIX 3JIEMCHTOB OTOXKJIECTBHM BXOJbI 
TaK, UTOOLI OOMee YHCIO BXOJOB ObWIO PaBHO }» (BXOJbI OMHOTO 31eMeHTA HeIb3 51) 
OTOKECTBIATh C BXOJaMH Apyroro). Bxoygb AepeBa, NosyyeHHbIe Mocse OTO-} 
*KeCTBIICHHA, OObABHM BXOJaMH CxemMbI S”, BbIXOL TepeBa OObABHM BbIXOJOM| 
cxempl S". Tak Kak BCe€ KOHBIOHKUHH pa3JIHUHbI, TO IpH 060M HaOope Mepe- 
MeHHBIX MOKeT ObITh BO3Oy2xKTeHO He OoNee OJHOFO BXOJHOTO 3JIeMeHTa, H, 
te ae oOulee YHCIO BOSOYKJCHHbIX 9JIEMeHTOB B S” He MpeBOCXOJUT| 
loge ia 


En, (S) < Ey, (S), ed logety | 


JlemMa jloKasana. 

WokasatTeabceTBo TeopeMu. [Ipenctapus mo6yi0 dyHKUHio 
P(x, ...,Xn) B BYJle COBepwIeHHOH J. H. ~). HW 3aMeTHB, YTO YHCIO » UeHOB 
B Heli He npeBocxonuT OE Oy4M, B CHJIy JIeMM 1 w 2n£y(n) < 3n**. Tea-| 
peMa JloKa3ana. 

Teopema 4. Cywecmeyem Koneanoiti basuc % makoti, umo 


Eun) Bess 


ede C — Hekomopaa nonoocumeabHan KOHCMaHma. 

MokaszaTedabcrTso. Bsenem culenyiolulve onpesesenua. Ha3z0Bem 
NyTeM OT i-TO BXOfa K BHXOAY cxeMH S Hag YW mobyw! 
TOCJCNOBaTeJIBHOCTb 3JIEMeCHTOB TaKYy}IO, UTO BbIXON Mpelblyulero 3eMeHTa 


* 


]r[ — MHHuMatbHOe en0e unNcO, He mMeHbuee fr. 
* ANasIOrH4HO MOMKHO MOKa3aTb, UTO OLeHKa 9Ta BepHa Qua Oasuca V1. VM. pKeranxuna (°) 
Sal, 53 tt y (mod 2),1 
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s0CHHEH C BXOJOM MloCJefyiollero, MpH4YeM BXO], HepBoro 3/IeMeHTa CoeqMHeH 
5 1-M BXOJOM CXeMBI S, a BLIXO] MOCMeMHEFO ABJIACTCA BbIXOJOM CxeMBI S. Cxe- 
/ HA30BEM T1PaABUAbLHOH, CCIW Yepes KaxKbIli e€ 3CMeCHT IpOXOAUT 
TA Obl OLMH MYTb OT HEKOTOPOTO ee BXOMa K BHIXOAY. OueBuLHO, UTO AIA BCA- 
cxeMbI S, pealusyioulel yHkuwio f (x1, ..., Xn), MOXKHO MOCTpOuTb 
aBHJIbHy10 CxXemy S’, peasH3ytoully1o Ty Ke PyHKUMIo UM Taky1o, 4To Ey (S) > 
Ey (S’). 
Paccmotpum 6a3suc %”, cocTosmIMit u3 3/leMeHTa, peamH3ylollero WTpux 
Meddepa, T. e. x/y = x \/ y. CxeMbi Ha, STHM 6a3HCOM OGMaaroT CleLyrOuluM 
OHCTBOM: eCJIM Ha HEKOTOPOM IIyTH NpefbilymHii 2seMeHT He BO3s6yxKJeH, 
BOSOyKfeH MoceqyrounNli. PaccmMoTpuM mMpaBuibuyio cxemy S Haq Y”. 
|B Hei, OWeBHIHO, BCe 3/IeMeHTHI, KpoMe OfHOrO, MMe1oT MocaAeqyiomue. Ilycts 
DH HEKOTOPOM COCTOAHHH BxXOJOB cxeMa S uMeeT Rk HeBOSOYKJCHHBIX 3JIEMeH- 
B. Torga, B CHJIy JBYMeCTHOCTH (byHKUMH, 4HCO seMeHTOB, CJIeqyoulux 


HHMY, He MeHDbIIe | . Ilyets L (S) — uncno 3anmemeutos B S. Torga 


2 
. A} 
ICO BOSOyKeHHBIX deMeHToB E (S) yoBJeTBOpAeT ycOBHIO 


ES) =L (8) —2 > SL (8) — 1. 


DieHKa 2TA He 3aBHCHT OT COCTOAHHA BxXOMOB cxempl S. M3BecTHo, 4TO 


ee 
gy” (n) =~ = (). Sto cooTHoWeHHe ocTaeTcCA cMpaBeIMBbIM, eCJIM orpaHH- 
(MTLCA peasHsaivHei yHKWHH MpaBHJIbHbIMH CxXeMaMH. Orcroja 


Hf 


Ew (ez — 


me 


4.Teopema 5. Jina 6asuca YW” = {Y,, %j}, 20e Wo peanusyem Ous- 


Jonkyuto x \/ y; Wi peanusyem ompuyanue x, 
Vin 209 By (1) > Baer (n) RO". 


| HokasaTeaAbcTBO HKHEH OMCHKH MPOBOZHTCA aHaJIOrMyHO TOMY, 
aK 9TO JleJlasiocb B TeopeMe 4; Ip 3TOM HCMOMb3yeTCA CyLIeCTBOBaHHe PpyHK- 
HHH OT N apryMeHTOB TaKHX, 4TO CxeMbI S Hay YW”, UX peamMsylollMe, cofepxKaT 
He MeHee 27/2 semeHToB %, **. Jloka3aTeJIbCTBO BepXHeli OWeHKH MpOBORUTCA 
C NOMOMbIO pasnoxKenusa f (x,,..., Xn) MO MepBbiM k apryMenTam c mpHMe- 
HeHHeM JIeMMBI 2. 


| VWucrutyt 6nomornyeckol pHu3HKH Tlocrymuao 
AxkajleMHH HayK CCCP 5 III 1960 


HWHTHPOBAHHAA JIATEPATYPA 


1¢. K. Kauuu, COopx. Astomatsi, WI, 1956, crp. 15—67. 7? 0. B. Jiynanos, 
Panuodusnka, 1, Ne 1, 120 (1958). *O. B. Jiynauos, JJAH, 111, Ne 6, 1171 (1956). 
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_* MoxHO MoKa3aTb, UTO TIA Oasica Qf” 


2, oe * oy 4 


oft 
o ft n 


e€HKH TaKMX Ke NOPAAKOB UMeIOT MeCTO Jaa Bcex PpyHkKuNH Ilepdepa. 


** Tloxa3ano O. B. JlymanHopbim MeToZOM, aHaJOrMuHbIM H30%KeHHOMY B (°). 
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floxaanm AxaweMun Hayx CCCP 
1961. Tom 139, Ne 2 


KHBEPHETHKA H TEOPHA PET YJIHPOBAHH) 


B. A. BACHJIEHKO 


O BOSMO)KHOCTH OBOBLIEHWUSA NPHHUKNA HHBAPHAHTHOCTH 
B JIMHEMHbIX CHCTEMAX ABTOMATWMUYECKOLO PErYJIMPOBAHHS 
C NEPEMEHHbBIMM MAPAMETPAMH Hy 


(ITpedcmaeaeno axademuxom B. C. Kyac6axunoim 12 II 1961) 


B uspectubix padotax H. H. Jly3una u U1. HW. Ky3xenoza (17°) 6nina MaTe| 
MaTHYe€CKM OGOCHOBaHa TeOPpHA He3aBUCHMOCTH 060M KOOpAMHATH HHeMHOL 
MHaMMYeCKOH CHCTeMbI OT BHeWHHX BosseHcTBHH. Ilocnexyiomee pasBuTHE 
3ToH ufen B. C. Kysne6akunnm (4,°) no3BOuM0 CO3LaTb HOBOe HalpaBJieHHe 
B TeOPpHH ABTOMATHYeCKOrO PeryJIHPOBaHHA, CCPOPMYJIHPOBaTb OCHOBHBIe 38! 
KOHOMEPHOCTH KOMOMHHPOBaHHBIX ABTOMaTH3HPOBaHHbIX CHCTeM. 

Ojuako pealv3aluaA MPHHUMNa HHBapMaHTHOCTH, paspaOoTaHHOrO AVIA CHI 
CTEM C NOCTOAHHBIMH NapaMeTpaMH, B XCKTPHYeCCKUX CHCTEMAX BbI3bIBAeCT B ue 
ye-cayyaeB OnpeyesieHHble TpyMHOCTH, TaK KaK 3JICMCHTbI CX€MbI YacTO 3 
MCHAIOT CBOH MapaMeTpbl KaK C YBeJHYCHHeEM BPeMeHH 9SKCIVIyaTalluu, Tay 
Hu B 6oNee KOpOoTKHe CpOKH MOA Bo3sfeHcTBuemM KOJleOaHusA remmepaty pb 
BJlaxKHOCTH WT. I. [logoOHbIe ABNeCHHA HMeEIOT MeCTO H B Apyrux du3nyecw 
KUX OObeKTAX, YTO BHI3bIBaeT HeOOXOJHMOCTb HCHONb30BaHHA B CHCTeMay 
C MepeMeHHbIMA MapaMeTpaMM Cllel\HaJIbHbIX CJIOMKHLIX KOpPeKTHPYIOWIH 
YCTpOHcTB JIA HelpepbIBHOM NOACTPOHKU NapaMeTpoOB Wen BO3eHCTBUA NO BOS 
MYLJCHHIO B COOTBETCTBHH C H3MCHEHHEM XapaKTepHCTHK perysAaTopa H OObeKTA(®) 

Bmecte C TeM, OCHOBHEI€ MOJIOKeHAA TEOPHH HHBAPHaHTHOCTH MOMKHO pac 
IipOCTpaHUTb HW Ha CHCTeMbI C MepeMeCHHBIMM NapaMeTpaMu, eCJIM HOM BO3MY| 
UlCHHAMH MOHHMATb He TOJIbKO BHELIHHe BO3JCHCTBUA, NPHJIOKeHHbIe K IMHeHH 
HOW JMHAMHYeCKOH CHCTeMe, HO H BHYTPCHHHe BO3MYINeHHA, OOYCIOBJICHHbIG) 
H3MCHEHHEM IapaMeTPOB CHCTeMbI BO BPCMCHH HJM HECOOTBETCTBHeEM HX HOMH 
HaJiOB TpeOyemomy 3HaueHHI0. B stom cayyae Ha OCHOBe TeEOPHH HHBapHaHT 
HOCTH BO3MO2%KHO pellieHHe 3aauH MOCTPOCHHA OMNTHMAJIbHEIX (MO KaKOMY 
400 KpHTepHio) IHHeHHBIX CHCTeM aBTOMaTHYeCKOrO peryupoBaHHua. Jas 
STOFO JOCTaTOUHO SHaTb TpeOyemyio (ONTHMAJIbHY!IO) JHHeMHYIO xapakTepH 
CTHKY OObeEKTA PeryJIHPOBaHHA, A OTKJIOHCHHA OT Hee B PeaJIbHOH CHCTeMé 
pacCMaTPpUBaTb KaK Ppe3YAbTaT BO3NCHCTBHA BHeWIHHX BO3MYLIeCHHH, nC 
OTHOLICHHIO K KOTOPbIM HEOOXOLHMO YAOBJeTBOPHTb TpeOoBaHHaA HesaBHcHMO§ 
CTH BXOHOH (perysmHpyemoi) KoopquHaTHI. 
1. Ilycrb: ana CHcTeMa AMHeEHHEIX AudcpepeHuaNbHbIX ypaBHeHHH, ONHChIF 
BalOllWX HCCJleqyeMy!o JMHAaMHYeCKyIO CHCTeMy: | 


Qy1X + AyoXs +. ~~. + OuX +... +AnXr =f, (, 
Aoi X1 + AggX%_ +. ee = ath i a = f. (4), 


ain, + dese a ee a’ x, Ae ) a, = f, (4), (1) 
Ani X, + Ane X28 -- fale ae ha ton Aise,: Ce Cheat Aer. — Te (t), 
rae ai; — onepaTopHbit MHOTOWIEH C MOCTOAHHBIMH koxppulwenTamu cTelleHH 
He Bbile BTOpoH (i =k mpm j = J), a,, — onepaTopHbli mHorouten c nepe} 
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eHHBIMH MapaMeTpaMH, @),,x,; = 0, (t) x; +61 (f) x, +62 (0) x;, x; — Hens- 
eCTHbie (yYHKUMH BpeMeHH. 


_ Honycrum, To cuctema oOpailaetca B ONTHMaJIbAYyIo (NO HeKOTOpOMy KpH- 
repHio), Kora 


AniX, = CoX, + CX, + CgXi, 


IPE Cy, Cy WH Cy — NOCTOAHHbIe KOSPPHIHEHTHI, 

{| OmpeferuM yculoBua, Npu KOTOpbIX HeKOTOpan KOOpsMNata x, cHcTeMEI (1) 
CTAHOBUTCH He3aBHCHMOM OT OfHOH HAH HeCKOMbKMX BHeWHUX cum f; (tf) u 
OTKJIOHEHHA MapaMmeTpos 8, (¢), 0, (/) u by (4) oT 8HaYeHHi C,, C, HM C2 COOTBET- 
scTBeHHO. byzem novaratb, 4To Bosmyiienne f, (¢) NpHHaqexuT COBOKYNHOCTH - 
faHaIMTMYeCKUX YHKUMH, TOJOMOPPHEIX B TOUKe ¢t = fo. 
© Ilepenumem cuctemy ypaBHenui (1) B Takom Buje: 


QyiXy + AyoX. +... Oyu +...+ Qnty, =f, 
QoyXy + AegXe +... + OgX: +...+OenkXe = fe (A), 


Gey Xt + ApoXg +... 4 AeiXp +... + CenXn = Fy (0), (2) 
AnjX1 +. QpoXe +... + Gni Xp +... « + AnnXn == ie (2), 
irae Fe (t) = fe () + aeix: — a,,X; — k-e pe3syAbTHpyioulee BosMyulenne. 


» iaa sBbinomHeHuA NocTaBJeHHOrO TpeOOBaHHA, NOCKOJIbKy cucTeMa (2), B 
| OTMM4He OT cHcTembI (1), MpexcTaBAAeT COOH CHCTeMy C NOCTOAHHBIMH Koopipu- 
|| WHeCHTAMU, HEOOXOAMMBIM H JOCTAa- 
|| OTUHBIM YCJIOBHeM aBssAeTcA (*) 


Aer "0: (3) 


i) 


‘rme A; — cooTBeTcTByollwe MH- 
| HOpH oNpefertuTena cuctemsi (2), 
| TORK JECTBEHHO He paBHOrO HYJIO, 
(| ai | = 0. Puc. 1. Cucrema.c peryupoBaHvem mo Bo3Mylile- 
7 Ha OCHOBaHHH MepBOl OCHOB- mo. /, 2 — asnemenTI OObeKTa perysHpoBaHHA U 
"Ho Teopempl JlysuHa— Ky3Hemo- peryastopa, 3 — Mojesb C ONTHMa/bHBIMH* qHHa- 
' Ba () MOXKHO ClesaTb cme y1ouluti MHUCCKHMH XapakTepHCTHKamu, 4—pemiaiomee 
s : YCTpOHCTBO JIA ONpeeeHHA pesyJIbTUpyioulero 
I BBIBO]. MNpHBexXeHHOTO BOSMYIeCHHA 
_ EcamMoxHo ykasaTb Takon 2ud- 
_ epeHUHaIbHbI OMepaTop Az;,KO- 
| TOpbii OOpatiaeT byHKuHI0 F(t) B romoMOpPHYiO Ha HEKOTOPOM HHTepBasie (a, b), 
BKJOUaIOeM ToUky ¢,, Ipwuem ycsopua (3) yOBJIeTBOpeHbI HM cHcTema (2) 
florlycKaeT pellenve (x;, %.,..., Xn) UpH HYJIeBLIX HaYaMbHbIX YCMOBMAX 
(x; (to) = *; (f)) = 0), To moOan KoopyuHata x; CHCTeMBI (1) He3aBHcuMa OT 
| H38MeHeHHA MapaMeTpos by (t) — Co, 0; (t) — Ci M be (f) — cy Ha BCeM MHTepBase 
(a, 0). 

STO O3HaYaeT, ITO NPHHIMN MHBapHaHTHOCTM B aHHOM CJly4¥ae MOET ObITb 
pactipocTpaHeH M Ha JIHHelHbIe CHCTeMBI C NepeMeHHbIMH TMapaMeTpaM4H. 

IlpakTuueckH 3afaua CBOAMTCA K OTLICKAHHIO pe3ybTUpyroullero BOSMYIeEHHA 
/F, (t), Mo OTHOWeHHIO K KOTOpOMYy JOJDKHDI ObITh BbINOHEHL! TpeOoBaHHA 
/HesaBMcuMocTH perymuMpyemol KoopyuHaTE. Dynkuna fF, (ft) MoxeT ObiTb 
ollpeflesieHa WyTeM CpaBHeHHA peakIMH Mccseqyemow cucTembr (1) Ha mpuso- 
*Kenve BospelictBul fi, fe,..., fn H peaKIHH MOJeIH ONTHMAIbHOH CHCTeMbI 
C MOCTOMHHBIMH NapaMeTpaMH Ha yMpaBAsollee BO3felCTBHe. 
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[Ia MpocToTs 3amHcH MOOKHM, YTO Ha CHCTeMy eHCTBYIOT TOAbKO ypaB 
sisioulee BosyelicTBHe /, (t) H BOo3Myuaroulee /, (¢). B cooTBeTcTBuH c (2) cHcTeM 
(1) MoxwkeT paccMaTpHBaTbCA Kak ONTHMAaJIbHasw, K KOTOPOH MpHJoOxwKeH, KpOM 
ynpaBasromero f, (t}, Bo3MyularollMi cHrHal Fy (f). QTo o3HauaeT, YTO TI 
TOPO, TOOL! peryMpyeMad KOOPAHHATA Xx; U3MeHAUACb COrMacHoO ONTHMAaJIbHOM 
3aKOHY (KOTOpHIM 3aaeTCAH MOJeJbIO, BKJOUCHHON MapadebHO UCcseqyemor 
cucTeMe WH HaxOJAllelica MO BO3eHCTBHEM TOJbKO YIpaBJIAlollero CHrHawia) 
HeOOXOJHMO H JOCTaTOUHO MOsaBaTb Ha BXOJ CHCTEMBI BO3ZeHCTBHe, PaBHO 
Pe3YJIbTHPYIOUeMy BO3MYINEHHIO, B3ATOMY C OOpaTHbIM 3HAKOM H IIpHBeeHHOMY 
K MecTyY TpHomwKeHHA cHrHasa f, (2): 


— Pe () = —AsFe (4), 


rie A; — omepaTop mpuBeyenua Fz (t) kK BxXOJy CHCTeMBI. 
HetpyiHo 0Ka3aTb, 4TO QP, (¢) BEIYHCAAeTCA CJeNyIOUMHM OO6pa3oM: 


oe () = Ar? [Aah Q + Atte () — Arf O1, 


rye A, u A, — onepaTophl, onpewelsAollve CBA3b MeKAY BLIXOAHOH HW BXOQHOH 
KOOPAHHaTaMH MOjeJIM M CHCTeMbI COOTBETCTBEHHO, ‘pz (t) = A3/, (t) — Bo3-4 
MyllleHHe, MpHBefeHHoe KO BXofy cHcTeMbI, Ao, (ft) + A,r), (t) — peakuna 
CHCTeMbI Ha BO3ZeHcTBUA /, H fz, Ay/, (t) — peaKUMA MOeM Ha yIpaBJAIOMlNH 
curHal fj. 

Se CX€Ma HHBapHaHTHOH CHCTeMbl MOJOOHOTO THIa MpHBeeHa 
Ha puc. |. 


Ioctynusio 
17 III 1960 


WHTHPOBAHHASH JIMTEPATYPA 
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Ms Horxrazage Akagzeuun HayK CCCP 
ne 1961. Tom 139, Ns 2 


a MEXAHHKA 
C. A. XAPJIAMOB 


-O ABYOKEHHH FHPOCKONA B KAPJIAHOBOW MOQBECE 
. IPH HAJIHYHH MOMEHTA BOKPYTr OCH 
COBCTBEHHOrO BPAIIEHHS 


(Ipedcmaszenxo axademuxom A. IO. Hutauncxum 6 I 1961 ) 


1°. Moment conpotusienus codcTBeHHOMY BpalleHHto rHpockolia 3HauH- 
“JIbHO HP€BOCXORHT MOMEHTH TPeHHA B OCAX BHYTPeHHEFO H BHeIIHero KOJeIL, 
HOSTOMY HHTerpal coOcTBeCHHOTO BpauleHHA He HMeeT Gotlee Mecta. Uto6si co6- 
BeCHHBIM KHH€THYCCKHH MOMeHT rHpOCcKONa He MeHSJICs, CO3qaioT HCKYCCTBeH- 
ab BPaWlaloulHii MOMEHT, yPaBHOBelHBalOulli MOMeHT compoTHBieHus. Ecau 
KOZbHa WOMBeCa He TePMeEHAHKYASPHHI, BPalllaiOulHA MOMEHT OKa3biBaeT Jemi- 
pHpyromee BAHAHHE Ha HyTAILHOH- 

able KOMeOaHHA THPOCKONa, NPHBOAS- oe a 
miHe KCHCTemaTHyecKoMy yxouy (} 5). |B lee) 
2°. YpaBHeHHs ABWKeHHS Mexa- IY 
HHYCCKOH CHCTEMEL MOMKHO NOJy4HTS 
H3 oOoOmeHHOrTO HnpHHnuna Jlanam- 
Depa 


1[(4/ar aT 7 
2 la (a;-)— a — & |2%= 0. 
i 


Ecam siiOpaTs CHCTeMH KOOpaH- 
Hat OEnl, Oxeyez2, Oxuwpzi ux Oxyz, 
|BS3aHHHIe COOTBETCTBCHHO C HHep- 
HG@IBHEIM MpOcTpaHcTBOM, BHEIIIHHM 
KOJIBHOM, BHYTPCHHHM KOJIBIIOM H Yaad 

PoTOopomM, TO NOMOKeHHE CHCTeMBI . 

MOXKHO OAHOSHATHO OMpekeMHTS TpeMa yrviamu a, B, y (pyc. 1). Sra yrani ue- 
leCOOOpaSHO IIPHHATS 3a OOOOUJeEHHBIe KOOPAHHATH CHCTeMHI. 

IipeqmoaowKHM, YTO OCH KOOPAHHAT SBASIOTCH TAaBHBIMH OCAMH HHepIHH 
BHellHerO KOJIbIa, BHYTPEHHerO KOJbIla H PoTOpa, H OOO3HAYHM MOMeHT HHep- 
HHH BHeHIHerO KOJIbIa BOKPyr ero OCH BPallleHus yYepes A2, MOMCHTHI HHEPUHH 
BHYTPeHHero KOUbIla BOKPyr Oceli x1, 1, 21 COOTBETCTBEHHO Yepes Ai, Bi, Ci, 
SKBaTOpHaJbHbii H MOAPHbIH MOMCHTHI HHEPWHH poTopa yepe3 A xu C. YaRoen- 
Has KHHe€THYUeCCKaS SHEPrHH CHCTeMBI e€CTb 


oT = [4_y+ (A + A,) cos? 8 + C, sin? 8B] a2 +(A + B,) 3 4'C (y+ asin B)?. 


Ecam rapockon actaT#uecKHii H TpeHHe B OCHX fMosBeca OTCyTCTByeT, To 
QOoOmleHHHe CHIBI 1O KOOpaHHaTaM a Hf paBHb! Hym0. CaeqoBaTenbHO, pabota 
SHEMIHHX CHJI H@ BOSMOKHOM MepemenienuH Sa, df, Sy ects W = Q,dy, me Q, 
MpelcTaBaseT CyYMMY MOMECHT2 COMPOTHBACHHA H BpaillaroulerO MOMeHTA. 

H BpawlaioulerO MOMeHTa H MOMCHTA CONPOTHBAeHHA OT CKOPOCTH 
TpeAcTaBAeHbl rpawyecKH Ha pHc. 2. B TouKe mepecedeHHA ABYX KPHBBIX MO- 
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MCHT COIMPOTHBICHHA PaBeH BpaliaiouleMy MOMeHTY, NOSTOMY 9TOH TOUKe COOT- 
RETCTBY€T YCTAHOBHBIMAACA CKOPOCTb BpallleHHA POTOPa Wy. 

SHad aHaJIMTHUeCKHe BbIPa%KeHHA IYTHX MOMCHTOB, MOXKHO YCTAHOBHTb 3a- 
BHCHMOCTb Q, OT S= yY—o; O4eBHOHO, HpH s=—O0 Q, = 0. Pa3noKumip 
Q (s) B pax 

dQ, 4: 8°Q, , 
Or) eS tT 5 Gage ee 

Vimeax B BHAy MCCeqOBaTb B AaIbHeHilem 
KOJIeOaHHA THpOCKoNa Bosse yCTaHOBUMBIUerocs | 
TBYOKeHHA, YepxKHM B pasJiOKeHHH JMHel- ff 
Hb wie *, MoxHo, KOHECYHO, BKJIOUMTb B HC- 
culeqoBaHve (PyHKuHIo Q, (s), HO 9TO NpHBOLHT | 
JMIb K YCJIOKHEHHIO BHKIaoK, He Ro6aBaaa ff 
HMYeroO HOBOTO K MeXaHHKe JIBH)KeHHA. — 
Pic. 2). 1—uomenr conporanne: Tenepb Mbl B COCTOAHHM 3aMHcaTb ypaBue- § 
Hud, 2 — Bpatmarouuh Moment? | HHA ABYXKCHUH PTApPOCKOTia 


[Az +(A +1) cos? B +(C + Cy) sin? B] a — 
—2(A +Ar— CC) cB cash sinh 
-_ HB cos B +C(FsinB + sBcosB) =0, 


iil 


(A +B)p +(A +A1—C—C) a? sin B cosB —Ha cos B —Csacosh= 0, 
c4(s +asinf) +s = 0, 


me H = Co), Mea 


s=0 ‘ 
YpaBHeHHA JBYKeEHHA WMeIOT NepBLit HHTerpas 
[Az + (A +A) cos? 8B +(C +i) sinfBla + (H + Cs) sinB = R, | 
BEIPAKalollH MOCTOAHCTBO MpOeKUMH KHHETHYeCKOFO MOMeHTA CHCTeMbI Ha OCb 


BHelUIHeroO KOJIbIla. 
3°. YpaBHeHHa JBWKeHHA DOMycKaloT yacTHOe pelileHHe 


a=0, §=0," a=ap, Bp ='Bo,° ~s'=00, 


COOTBETCTBYIOIee YCTAHOBHBIICMYCA BpallleHHio pOTOpa C YFJIOBOH CKOPOCTbIO wo 
BOKPYF CBOeH OCH, HeNOJBHKHOH B HHeplHasIbHOM IIpocTpaHcTsBe. 

UroObl UCceLOBaTb yCTOMYMBOCTS TOTO JBHXKeCHHA, paCCMOTPHM BO3MyLIeH- 
Hoe JIBHXKeHHe 


a= +6&, B =fo +n, Siz & 


OnpelleteHHo NoOxKUTeNbHaA (yHKUMA CKopocteli 
V (0, 0, 6) = [As + (A +A)) cos? (Bo + 4) +C, sin? Bo+n)] & + 
+(A +Bi)  +C [eo +€ sin Go +P, 


NpeACTaBJAlOWlad yIBOCHHYIO KHHETHYeCCKYIO 9HEPFHiO BOSMYICHHOFO ABYXKeHHA 
3a BbIVeTOM 2Cw?, UMeeT B CHJIy ypaBHeHHt BOSMYIeHHOFO JBWKeHHA MOCTOSH- 
HO OTPHIlaTeJIbHy!0 MpOHSBORHy!O NO BpeMeHH 


dV 


dt aan’ 21?, 


* Safava o pasrone rupocKona B paMKax mMpelleccHoHHo Teopun pemiena A. 1O. Mar- 
JIMHCKMM B paOoTe (4), 


328 


ecm 4 > 9. CneqopatenbHo, cormacHo Teopeme Jlanyuosa, HEBO3MYINeHHOe 


|ABMKeHHe ACHMITOTHYeCKH ycTOli4HBO 10 OTHOMMeHHIO K CKopocTaM &, 1 H C. 
4°. Vispectuo, 4TO HYTAaNMOHHbIe KoNeOaHun cBoOofHOrO rupocKona Mmpu- 
'BOMAT K CHCTeMaTMYecKOoMy yxofy rHpocKona. Ognako B cjly4ae HaNHUHA 
‘BpalilaroulerO MOMCHTA yCT@HOBMBIeech JBHXKeHHE ACHMMTOTHYECKH yCTOMUHBO 


a0, @=%, -f = Bo, p= 0, s—0. 
Peuienwe ypaBHeHHH OyJeM HCKaTb B BHJe pAZOB No cTemenam Q 


@=oo +a12 +020? +..., B =fPo +f:Q +820? +..., 
= 9102 -b s2:Q7 +, 


Hywlesoe mpuOmmxKenne coBnayaeT C HauasbHBIMM yeOBHAMU. YpaBHeHHA 
EPEON NpHO1wKeHuA 


[Ae +(A +A) cos® Bo + (C + Ci) sin? Bo] a1 + H cos Bobi + C sin Bos: =0, 
(A +B,) 6:1 — H cos Boa, = 0, 
T (si: -- a sin Bo) + 1 = 0, 


rae T = C/A — nocToxHHaaA BpeMeHH poOTOpa, MHTerpHpyloTCA pH Hauab- 
HBIX YCJIOBHAX 


a = 1, pre 0) 61 = 0, si = "0: 


XapaktepHcTuueckoe ypaBHeHHe CHCTeMbI HMeeT Ba HYJICEBLIX KOPHA, OHH 
‘AelicTBHTeAbHEI KOpeHb HW Ba KOMIVICKCHO COMpsxKEHHBIX C OTPUlLATeJbHBIMK 
“HeEHCTBUTeEIBHBIMM YacTAMH. HalirH anasIMTHYeCKOe BbIPamKeHHe KOPHeH Yepes 
“Kos@HUMeHTLI XApaKTepHCTHYeCKOTO ypaBHeHHA He NpesCTaBJIAeTCA BO3MOXK- 
/HbIM. OfHaKO MOMKHO HaliTH HX NpHOMWKeHHO [WIA MaJIBIX 3HaueHHH sin Bo. 
_B 9TOM calyyae MEI HaXOZHM petlenua ypaBHeHuit c TOUHOCTHIO Jo sin? Ro, OTH 
premenss HMCIOT BHI 


: H cos B 
7 = pont — 0 —nt ae 
: Gi =e cos wt, B1 (A+ Bat? (1 — cos wf), 
4 Dh 2 ke L t k —nt : | 
: $1 = — SM Bo ee nt cos wl — rags: +R (2 sinwt}. 


| OGfecb 3aTyxXaHHe nm M YacToTa KONeOaHHH w OMMpeseaioTcaA copMysamu 


Ree eink, eos, 
nr V (A+ B)T, | 


Io = Az + (A +A) cos? Bo + Ci sin? Bo, 
I, = Aa +(A + Ax) cos* Bo + (Ci +p—pr) sin® Bo. 


- Koa@pannent k mpencTaBadeT coOolt OTHOWeHHe NOCTOAHHOH BpeMeHH poTopa 
K TlepWoOAy HYTAaWMOHHBIX KOseOaHu CBOOOAHOrO THpocKoNa, y KOTOpOroO Be- 
ee COOCTBEHHOrO KMHETHYECKOFO MOMEHTA paBHa Cup, T. €. 

/ R= To, 
Tye Yo ollpesestsetca copmMyion 


H cos Bo 
V (A+Bi)I, 


Vo = 
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YpaBueuuaA Broporo npKOnmKeHHs 
[Az + (A -} A:) cos? Bo + (C + Ci) sin® Bo] a2 + H cos Bop2 +C sin Bos: = | 
=2(A + Ai — C — Ci) cos fo sin Bo (aiBi +- aiBi1) + 
+ H Bifi sin Bo — Ce (siB1) cos Bo, 

(A -- Bi) 62 — H cos Boas = —(A + Ai —C — Gi) &? cos Bo sin Bo — 
H aipi cos Bo + Csiai cos Bo, 
T (s2 + az sin Bo) + s2 = — T cos fo es (cB) 


HHTerpUpyloTCA MWOCMe MOACTAHOBKH pe3YJIbTATOB, NMOJIYYeHHbIX B IlepBOM IIpH- 
6JIMKeHHM, pH HauaJIbHbIX yCJOBUAX 


a =0, fo=0," fp =0, &»=0, 


| 


Vutepecyroulan Hac allepHoywuecKkan CocTaBJIAIOWlad YyrOBOl CKOpocTH 
OlpeleIuTCA C TOUHOCTHIO JO WieHOB NopsyKa sin® Bo dopmMymor 


"Lig Si 3 (G 
aaa a (Ao + Cy aa ar) enone, 


2H cos* Bo tke 


OrTciojla MbI MO?KeM ONpeAeIUTh MpesebHbIH yroJl OTKJOHEHHA OCH (urypsl | 
rMpockona TO BJIMAHHeM HYTALMi ' 
sin By Cc (2? 

a(t ae a a Te A a= C Tw) 
( ) on cos? al gr Cao +k /2n 


5°, BecbMa HHTepecHbIii culyyait MpecTaBHTCA, eCIH A HaCTOJIbKO BeHKO, ff 
YTO MOCTOAHHY!O BPCM€HH pOTOPa MOXKHO HOJOXKUNTb paBHOH HyJo. C ToOuKH 
3peCHHA MeXaHHKH STOT CJlyyal MOXKHO paCCMaTpHBaTb Kak CJlyyalH HaJMUHA | 
CepBOCBA3H, BbIPaxkaemMol ycuoBHem (°) s = 0. IIpH stom n — 0, Torga HyTa- 
IIMOHHbIe KONeOAaHHA C YaCTOTOH 
H cos By 


V(A + BifAz + (A + Ar) cos? By + (C + Ci) sin? Bo] 
BbISOBYT CHCTeMaTHYeCKHH yXO FHpOcKola CO CKOPOCTHIO 
ee sin B,%2? 
A= oe cost p, (42 +Ci +C). 
6°. BeruunHa kosduuventa jemndupoBanvaA oOpalijaetcH B HYJIb Tip 
T = O0OuT = oo, JlerKo yOequTbca, ITO MAKCHMAaJIbHOe 3Ha¥eHHe KOXpPPHUHeHTA | 
eMNpupoBaHHA CcooTBeTcTByeT BeHUHHe T = 1/vo, T. e. Kora MocTOoAHHaA 
BpeMeHH poTOpa paBHa Hepvoly HyTawHH cBoOosqHoro rupocKona. 
SaayMMcaA YHCOBLIMA 3HayeHHAMH Bo = 30°, Jo = 8,75 r-cem-cex?, A + 
+ Bi = 5 r-cm-cek?, w) = 1500 cex-!, orcioqa HalieM 4acTOTyY HYTAIHOHHBIX 
KONeOaHHit cBoOoqHOro rupockona vo = 975 ceKx-?. Tlyctb Az +Ci = 
= 5 r-cm:cek?, 2 = 1 cex~!, trorga quia 3HayeHuit k = 1; 0,1 u 10 naiipzem, 
YTO MIpeeIbHbIe 3HAYCHHA G PABHbI COOTBETCTBEHHO 0,65; 3,25 Hu 6,5 AyroBbIx 
ceKyHJ. 
EcrecTBeHHO, 4TO eCIH MaJIble KOJeOaHHA THpOCKONa BbIHy2KJeHHbIe, TO 
yxoja rHpockona H30exKaTb HeNb3A (7). OMHAKO JeMUdHpOBaHHe OrpaHHyHBaeT 
CKOpOCTb yxXojla MIpH pesonance. 


TocrynHso 
5 I 1961 
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Hornane Akaqemun nayk CCCP 
1961. Tom 139, Ns 2 


THHPOMEXAHHKA 


E. A. HOBHKOB 


OQ CHEKTPE 9HEPIMH TYPBYJIEHTHOrO MOTOKA 
HEOKHMAEMOH DKW JKOCTH 


(ITpedcmaeaeno axademuxom A. H. Koamoeopoeoim 13 III 1961) 


1. OCHOBHBIM pe3yJIbTaTOM COBPeMeHHOH TeOpHH JOKaIbHO OHOPOsHOrO 
JOKAIbHO U3OTPOMHOTO TypOyJIeHTHOrTO NOTOKa HeCKUMae€MOH 2XHAKOCTH 
ABJIACTCA M3BECTHBIH «3aKOH 7/3» Kommoropopa — OGyxopa (+) nu ero aHamor Ha 
CeEKTPalIbHOM A3bIKe — «3aKOH °/.» (7): 


E (p) = Cehp™. | (1) 


X 
Smecb E(p) MH & — cOOTBeETCTBEHHO OHOMEPHaA CMeKTpaJbHad MJIOTHOCTb 
KHHeETHYeECKOH SHEPHH HU AMCCHMAaWMA KHHETHYeECKON 9HeEPHH, paCCuYMTaHHble 
Ha €JMMHULYy MaACCbI KUAKOCTH; p — BOJIHOBOe unCIO; C — NocTOAHHaA NOpsLKa 
‘equHuubl. Dopmysa (1) cmpaBeqwHBa B MHeEPIHOHHOM HHTepBaJle BOJIHOBbIX 
‘WHCeN: : 
i bop Sy == elsy “/s, 
# 
tae L — xapaktTepHblii BHEIIHHH MaciuiTaO TypOyseHTHOCTH; 4, — BHYTpeHHHE 
MaciuTa6 TypOyeHTHocTH (1); v— KHHeMaTHUeCKad BASKOCTH. JIA paa 3aqau 
MpelcTaBaseT uHTepec ompemeieHve cCneKTpa 9HEPrHH B MeCHBIUHX MacuITabax 
(pA, > 1).B uactuoctu, 3TO BaxKHO MpH HCCIeOBAaHHH TYPOyJIeHTHEIX (piyK- 
Tyallul 9AeCKTPpOHHOH MOTHOCTH B HOHOCKHepe, Tye A, MocTuraeT MecATKOB u 
‘cOTeH MeTPoOB. 
* Tayucenjom (*) Oba npexqnpHusta nonbITKa onpexenuTb thopmy cmekTpa 
B OOacTH OOJIbUIMX BOJHOBLIX 4HCe. OH NpexMOOXKUI, YTO MeKOMACLIITA6- 
Abie (bIyKTyallMH BHXpPA COCpesOTOYeHLI B IpOCTpaHCTBeHHO O60COOeHHBIX 
CTalMOHapHbIX COAX WIM JHHMAX Maso TOMIMHbI. Kputuka Takoro mpeg- 
| CTaBJleHua B IIPpHMeHeHHH K (pJlyKTyalluamM TeMllepaTypbl B TypOyseHTHOM 
: | eae 6blma Jana B paGote Batuenopa (*). Mpi mojem lo HeCKOJIbKO HHOMY 
yTH, Ucnombsya (c yTOUHeHHAMH) MeTOL, pasBUTbIli B (*) AA UccuesqoOBaHnA 
Temnepatypxoro noua. Tlonbiraemca mpociequTb, KaKHM OOpas0M MeJIKOMAaCc- 
MITaGuble yKTyaluH BUXpA, MocTyMaioujwe H3 ABHKeEHHH Ooee KPYMHbIXx 
MaCcIUTAa6oB, 3aTyXalOT NOs JeHCTBHeM CHJI BASKOCTH, OJ[HOBPeMEHHO HCIIbITHIBAA 
BMAHHE LesbopMallHH XKUAKOTO 3IeMeHTa pa3smepa ~ A,. Popma cnekTpa OyserT 
ONpeseATLCA KAK HHBAPHaHTHad OTHOCHTebHO TaKOK sBONOUHH. Mb He Oy- 
Hem TpeOoBaTb MpocTpaHcTBeHHOH OGOCOOeHHOCTH OTIEJIbHBIX (blyKTyAalHH, 
KOTOpble B TIpollecce H3M€HEHHA B MpPHHILHNe MOFYT HaKJafbIBaTbCA Apyr Ha 
Mpyra. Tak xKe, Kak (pakTHYeCKH MOfpasyMeBa0Cb B (*), MbI OyeM mpeHebpe- 
TaTb HejIMHeMHbIM MeXaHH3MOM lepeayuH 9HeEprHH. ITO OMpaBsaHo pe3kHM 
Titiesa YORIBAHHA CIeCKTpaIbHOH MJOTHOCTH KMHeETHYeCKOl SHeprHu (8) 
pacCMaTPpHBaeMOM HHTepBavie BOJIHOBbIX UHCJIE (pA, > 1), Onaroqapa uemy 
JyPbe-KOMMOHEHTHI, COOTBETCTBYIOUIHE CYIIECTBEHHO Pa3JIMYHbIM BOJIHOBbIM 
AHCJIaM. HECOH3MepHMbI M0 aMIIuTyZe. 


a= a al i 
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2. PaccmoTpHM ypaBHeHHe mepeHoca a AndipysHH BUXpA B HeCKHMaemou 
}KHLKOCTH: | 


AQ ; 02, du; Ov, | 
Bet OR Ga hag On eae oe OF 


3necb vu; H 2; — COOTBETCTBEHHO KOMNOHEHTHI CKOPOCTH WM BUXpH, NO DBaxK Abi} 
MOBTOPAIONLMMCH WHeKcaM MospasyMeBaeTcA CyMMUpoBaHHe. ITO ypaBHeHHe}) 
MouyuaeTcA NpHMeHeHHeM ONepallMH poTopa K ypaBHeHwio Hapbe — Ctoxkca.|} 
B cucteme oTcueta, JBYKYUelHcA UH BpalllaoleHca BMecTe C (PUKCHPOBaHHbIM| 
MKMIKUM 3JICEMCHTOM, Ha PaCCTOMHHAX, MeHbINMX Ao, JBMKeHMe CBeMeTCH Kj) 
YHCTO MesopMalWH, TaK KaK Ha TaKHX PACCTOAHUAX CKOPOCTb MOMKHO CHUTATH| 
jMHelHOl yHKUHel KOOpAMHAaT: Uv, = OpnX,. Ten3op Oj, CHMMeTpHyeH (aHTH- 
CHMMeTpW4HaA YaCTb HCKJOUAeTCH MepeXOMOM XK Bpalllaiollelica cHCTeMe}l 
oTcueTa) H MOMKeT ObITb HPHBeseH K TlaBHbIM OCAM, KOTOPHIM OyyT COOTBeT- 
CTBOBATb TlaBHble 3HaveHHA CKOpocTeM fesopmanuA a,;. M3 ycnoBuA HeECKH- 
MaeMOCTH HMeeM 


ai +de +as = 0. (3)| 


Mobi BHM, YTO O; ROJDKHLI HMeTb pa3Hble 3nakH. IlyctTb a, — HanOo/biuag| 
NOJIOMKUTEbHAA CKOPOCTh epopMalHuM (pacTs»KeHHA), a GO, — HaHOosbINaA| 
OTPHMaTeIbHaA CKOpocTh AesopManHH (cKaTHA). B (°) 43 HaOMOReHHH 3a SBO-) 
JuOWMeH TeMIOBbIX IATeH B TYPOYJICHTHOM TlOTOKe ObII CleJIaH BbIBOA, 4YTO OpH-| 
CHTallHA TlaBHbIX oceH AepopMallWH M laBHble 3HaYeHHA CKOpOCTeH eop- 
MalHH MaJlO M3MeHAIOTCH 3a BpeMeHa NopsgKa To = e— v2 (oOpaTHas Be-| 
WuHHa cKopocteH fedopMamnH (9)). Mp: mpeqnoox%KUM MoKa, YTO 3a BpemMeHa| 
~ To rlaBHble OCH JetpopMallHu He YCIeBaloT 3aMeTHO TIOBEpHYTbCA OTHOCHTESIb-| 
HO X%KHJKOro 3JleMeHTa (M He MeHSIOTCA MecTaMH). TaKoe mpemgnouiomenHe co-| 
rulacyeTcd Takoke C KapTHHOH MOBeJeHHA OKpaieHHOrO OObeMa 2KHKOCTH Bi 
TYpOyeHTHOM NoToKe (fa CAy4yad BByMepHoro MoToKa cm. (°)). 

Bpi6upas B KayecTBe ocefl KOOPAMHAT raBHbIe OCH JecopMallHH, MOXKHO AB! 
ypaBHeHua (2) TIpH Ha¥aIbHOM ycNOBHH Qo; = Ao; Sin (pox) NosyyHT: 


t 


Q; =A; sin (px), A; = Ao: exp \\ (a; — vp?) di} » Pi = Poi EXP |— Oo; di (4)! 
0 0 


13 sTHX POpMyVI BUAHO, YTO 3a BpeMeHa ~ Te BHXPb ycleBaeT MpMcHocoOuTEcaA| 
K JepopMalwuH %KHAKOrO 3uleMeHta TaK, uT0 A? = Aj, p? ~ p3 *, T. e. BUXpb 
OPHeHTUpPyeTCA BOAb OCH MA@KCHMA@JIbHOrO paCTAKeHHA HM CTAHOBHTCA 3aBH-| 
CALLMM TOJIbKO OT KOOPAHHATHI BUOJIb OCH MAKCHMaJIbHOrO cxKaTuA **. BBezeM 
Beluunny E (p, t) = A? (p, t)/p*6p, KoTopaa nocile BepoxTHOCTHOrO ocpeqHe- 
Hs OyeT MpONOpUMOHaMbHa CeKTpasIbHOH MIOTHOCTH KHHeTHueCKOH 9HeEprHH 
(6p — MHTepBasl BOJIHOBLIX 4HCe, KOTOPOMy COOTBeTCTByeT amnumuTyna A, 
MHOXKUTeb p> BOSHHKaeT Ip Mepexogze OT CMeKTpaJIbHOH MJIOTHOCTH BUXpsAlp 
K CIe€KTpadIbHOM MIOTHOCTH KHHeTHYeCKOH 9HeEprHMy). CuNTad BHXpb yxKe «pH 
CNOCOOJIeHHBIM», H3 (4) HMeem: 


dA? = 2A? (a1 — vp") dt, dp =—oaspdt, dbp = —as dp dt, 


oTkyya 


pin E = (— 2ua>1 —3 + 2vaz1p?) dp. _(5)| 


* Bis He pacCMaTpMBaeM 3/[eCb CTaTHCTHYeCKH MaJIOBEPOATHBIX cayyaes Ao, =O naw 
Pos = VU. 

“* Tip oy = a2 just «mpucnocobuenHoroy Buxpa A?~ A?+ A2. Jlanpuelimue opmy 
Jbl OCTAIOTCA CIpaBeAMHBKIMH JA S9TOTO cayuaa. 
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: ocwI€ BepOATHOCTHOTO OCPeHeHHA, Novlaraa 


Me ot, a = tae (6) 


E (p) = exp (In E (p) ~ p*-8 exp {— atovp*), (7) 


“Te BOJHUCTaa yepTa (KOTOpy1o MbI B JaJIbHelileM omycKaeM) o3Ha4gaeT reo- 
| MeTpwueckoe ocpeqHeHHe *. KosdiuuenT mponopmvonaibHocTu B (7) ycra- 


| HaBAMBaeM 3 cooOpaxkenuii pasMepHoctTu (KoMOuHalMA € HV), Mocse Yero HMeeM 
E (p) = Cre”p— (pho)?*—"' exp {— a (pho)*} (pho S> 1), (8) 


‘| roe Ci — NocTOAHHaA TlopsAyKa eHHHUBI. 

' 3. JiamumM ekoTopble OleHKH NMapaMeTpoB sagaun. V3 wHepapencTs 
»0 Ku S02 > os <0 uw ycenosua (3) umeem 0,5 < —a,a>! < 2, caegosa- 
'TeJIbHO, B TaKHX Ke Mpefesax 3aksmioyen UM Napametp k. Jlanee, B AOKaIbHO 
}OAHOPOAHOM HM WOKasIbHO H30TPONHOM TypOyJeHTHOM TIOTOKe BBIMOJHAIOTCA 
| cllekyroulve COOTHOLICHHA: 


| a? +- a2 + oF = V2 ¥%; (9) 
00; \3[/00, 2} 2 24V15 g——— 
Sq ie ) (5) | es get CORSO A (10) 


| Saecb So — KosdpulveHT acCHMMeTpHH B MaciuTaGax ~ Ao; Ov1/0x1 — mpo- 
HOJIbHaA MpPOH3BONHAA OT CKOpOcTH Mo m106OMy P@UKCHPOBaHHOMY B MpocTpan- 


| ¢TBe HampaBienmio. V3 (9) x (3) cileqyeT, 4TO a >V3. Vispectune :bu3H4e- 
| cKHe cooOpawKenua oO Mepesaye sHepruu OT Oovlee KpyMHOMACIITAOHBIX MyJIb- 


(’, °) yKa3piBaioT Ha TO, 4TO KooPpPuIMeHT aCHMMeTpHUH OTpHiaTeneH. Ecan 
B MepBOM MpHO1HKeHHU MpeHeOpeyb KOppevIAUMeH MexXLY OrpaHw4eHHOH Be- 
JHYMHOH — a1051 H cAydaHHOH BeMUMHOK a3, TO H3 yCOBHA So < 0 Oyzer 


» enejoBaTb, TO k < 1. Hakouell, ec, yIHTbIBan 3HAKH BeAHUMH GO, H G3, MO- 
| MeHATb MeCTaMH aJlreOpav4eckHe Olepaluu UM onepallMH OcpegHeHHa, TO HB (9), 
- 410) w (8) nomyuuM carenyroniHe npHOnmxKeHubIe CopMyJIBI: 


a 2 (ki —k +1)"; (11) 
ie pe k (1 — a(R —k + 17”. (12) 


_Ormerum, 4T0 cormacuo (12) |So| <2 V5/7 = 0,64 (maxcHMambHoe 3HaueHHe 
-qlocTuraetca pH k = 0,5). 

B kauectTBe JONOMHHTeIbHOM FuMOTesbI MOXKHO MOTpeOoBaTb, YTOObI B MHEp- 
IMOHHOM MHTepBasle BOMHOBHIX UMCe cbopMyvia (8) WaBasia Ty Ke 3aBHCHMOCTD, 
ato u (1). IIpu stom nmomyuum 3HaueHHe k = 7/3, KOTOpoe HaXOQMTCA B yKa- 


er, 
* Crporo rosopa, mpu Bbipogze (7) MH MO/Ib3yeMCA HepaBeHCTBOM |, a7 nb <<t 


Dro HepaBeHCTBO HyKHO fOKa3HBaTb, HCXOAM H3 TOTO, YTO MepHOA HSMEHEHMA BEJIMMMHEI Og, 
XapaktTepH3yiouleH BwxKeHve macuITa6a ~ Ay, MMeeT NOpAAOK Ty) WH B PpacCMaTPHBaeMOM 
‘HHTepBasl€ BOMHOBHIX yHCce MHOrO Gove (vp*)""— XapakTepHoro NepHoa H3MeHeHUA Be- 
‘guanun E (p, t). (B cBa3u c STHM BOSHHKaeT MHTepecHaA MaTeMaTHYeCcKaA 3afada 06 oueHKe 
B3aMHOM KOPpedANMH PBYX CTAUMOHAPHBIX cwywaiHbIX PyHKUAH, B3ATBIX B OAHOH TouKe, 
BCay4ae HeCcOH3MepHMoCcTH UX MacLTa6oB aBTokoppeasiun.) Ecua, cmenys (°,4), CYHTaTb Og 
HOCTOAHHOM, TO JleBat “aCTb HepaBeHCTBa TOX*KeCcTBeHHO OOpaTHTCA B HYJIb B CHy YCNOBUA 
€TallMOHapHOcTH, Tak Kak AudpepeHuupoBanue MO BPeMCHH MOAHO BbIHECTH 3a 3HaK OCpey- 
HeHHA. 
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3aHHDIX Bbillie pesetax. B stom calyuae (opMyon (8) MOxKHO ONMCHIBaTb CHeKTpP 
BO BCe€M HHTepBaule paBHoBecua (pL S> 1), w noctosHHas C1 = C onmpeyenutca 
3 YCOBUA HOPMHUpOBKH 


° */s 
av\ PE (p)dp= 2, Capea (13) 
0 


rye T (x) — ramma-yukuna. IIpuk = 2/s v3 (11) —(13) uMeema = 2V 7/3~1,76, | 
So ~ — 0,54, C= 1,08. Konctranty C MoxHO cBa3aTb c KoasdpHunen- | 
TOM aCHMMeTPpHH, UW3MepeHHBIM B UHePIHOHHOM HMHTepBasie (re OH No- | 
cTosHeH). Ha OCHOBaHHM 9KCIepHMeHTabHBIX aHHbIX (’, °) nomyyum C= | 
= 1,04+1,34, uro cormacyeTca c HalJeHHbIM BbIlle 3HayeHHeM. TakHM 06- 
pa30M, MO*KHO IIpeWIOKUTh clelyioulyio pabouylto POpMywy ia cnekTpa 3Hep- 
THH BO BC€M HHTepBale paBHOBeCHA: 


E (p) = pies ep exp (— a (pha), a = 222 LSet). (14) 


B 3aksoueHHe BbIpaxkaio rlyOokKy1o OjarogapHocTth A. H. Kommoroposy, | 
A. C. Mounuy u A. M. O6yxoBy 3a BHHMaHHe K paOoTe H BaxKHbIe 3aMeuaHHA. ff 


Muctuty?T ®H3HKH aTMocdepbi Tlocrynusio 
Akafemun HaykK CCCP 13 Il 1961 
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Hoxnagqm Akagqemun nayr CCCP 
1961. Tom 139, Ne 2 


’ 


ce cal a ba oF, S 


PHIUPOMEX AHHKA 


JI. E. CTEPHHH 


aa We 


O TPAHWLIE OBJIACTH CYLIECTBOBAHHA BE3YAPHbIX 
OFTHMAJIBHbIX COTIEJ 


(ITpedcmaeaexno axademuxom B. II. Taywxo 9 XI 1960) 


PO me eT 


ad 
~ 


PeileHHe BapvalMOHHOU 3aauu O HansyueH dopmMe cBepx3ByKOBOl yacTHu 
CeCHMMETPU4HOFO PeaKTHBHOrO comsa Mano B pa6otax (*~*). Tlpu noctpoennu 
(pellieHHA CUMTaeTCH 3aaHHbIM MyYOK XapaKTePUCTHK, BO3HHKAIONIMH pH ObTe- 
\Kanuu moTOKoM Tynoro yraa A (puc. 1). Haunyuumi kontyp AB nonyuaetca 
B pesysbTaTe pelienua 3anauu Typca Mexkyy xapaktepuctuKkoli AC u axKcTpe- 
MaJIbHOH xapakTepucTHKoH CB. 
} 

f 
? 


} 


Konnyp 


OXCTPEMQMHAF 
conna 


{panuya 
gbnacmu 


' 


4 
5 
', 
\ 
\ 


rt 


Puc. 1. Cxema pacnowoxKeHuA xXapakTepHCTHK 
B 9KCTPeM@JIbHOM Come 


PaccMoTpuM ypaBHeHua Ha 9KcTpemasH CB, aHuble B padoTe (‘*): 
m, cosa -+ 2nweos (a — 9) = 0, (1) 
Mm, + 2nypw* tgasin? 6 = 0, (2) 
inne a& — y©oul Mey CKOpocTbIO M XapaKTepHcTuKOH; § — yrovl HaksJOHAa CKO- 
“pocTH kK OCH x; Ww — CKOPOCTb; p — MVJIOTHOCTH; /M, H M2 — MOCTOAHHbIe MHOKH- 
‘Temu JlarpanxKa, ompelensemble 10 pe3yJIbTaTaM pacueTa ly4ka XapakTepu- 


‘cTuK H dopmyviam (1) u (2). 
_ Us ypaspnenuii (1) u (2) noswyauM, 4To Ha 9kKcTpemasu CB 


(3) 


> a a Cs yore ym 
hrm, ( sine + V 4n20? — micos’a ) 
a psin 2a me — 4ntw ; 
Tle 3Hak noc mpuHHMaetca mpu a (C) <6(C), a 3Hak MuHyc — npu 
(C) > 6 (C) scneyctBue Toro, uTo B TOUKe C ypaBHenne (3) NOunKHO aBToMa- 

HUCCKH YyOBJICTBOPATECA. 
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Kak mlerko BueTb, Wa cayyaa a (C) > 0(C) Bomb 9KCTPeMaJIH C POCTOM Y 
NpOuCXoAUT mafeHvue a u 0, AA cryaan wea (C) < 6(C) Boob 9KcTpemanH 
MpOWCXOAUT pocT a Hu magenve 6. B HekoTOpoH TouKe 9KcTpeMalu a = 8. Jina 
jlasibHeHIero pacueTa SKCTPeMaJIH HeEOOXOHMO H3MeCHHTb 3HAaK Tepe palu 
KaJIoM B (opmyue (3). [lonyTHo oTMeTuM, ITO B pe3yIbTAaTe STOTO pacnpesemeHHeE 
CKOPOCTeli BIOJIb SKCTPCMAJIbHOH XapaKTePpHCTHKH CTaHOBHTCH HEMOHOTOHHEIM. 

V3 ypaBueuus (3) cmenyeT, YTO MpH MepememeHHH TOUKH C MoO xapakTepH-} 
cruke ACP B CTOpOHY MeHbIUUX x (B OOacTHa < 6) MpoMcxOANT nayenne mpo- 
H3BOXHOH 10 HaliIpaBJIeHHIO SKCTpeMaJIH PAR SHayenne 9STOH MPOHSBOLHOR| 
IIPpOXOJUT TIpH HeKOTOpoM C,, Yepe3 HYJb H Jasee CTAHOBUTCA OTPUMLaTevIbHEIM.| 

TeomeTpHuecku STO ABJeHHeE HHTepMpeTupyeTcA B Bue NeTIM y OCHOBaHH S| 
9KcTpeMaiH. DusvyecKH OHO O3HA4Yae€T HEBO3MOMKHOCTh NOcTpoeHHa Oe3yyap- 
HbIX PeWI€HHH BapHalWMOHHOH 3aauH Id BCex TOYeK xapaKTepHcTHuKH ACP 
(aexKaujHx JIepee TOUKH C,), KOTOPble MOTH Obl ABHTbCA HCXOMHBIMM TOUKAaMH| 
HI MOCTPOCHHA IKCTPemaviel. | 

EcJiv 2Ke BOJIb 9KCTpeMaJIH C POCTOM Y YMeHbIUIAaTb O, TO KaK MOKA3bIBaIOT| 
pacueTH, MpHxoquMm K commaM, He OOalalolluM HavOo/IblieH TATOH. 

IIpupaBHuBad HyJO MpOM3BOAHY0 OT NpaBow 4acTH ypaBHeHHaA (3), ucnouIb- 
3yn ycnoBua (1) u (2), a TakxKe H3BeCTHBIe (POPMYJIbI, BbIPaKalomlve p H w 4e- 
pe3 a, NOJYUHM JIA NOTOKa Fra3a C NOCTOAHHBIM NOKa3saTeiem aqHabaTH % Kpalue 
mpocToe | BbIpPaxKenne, CBASHIBalollee @ H 8 Ha HHH AC), MeBee KOTOpOH Hel 
CymyecTByeT Oe3yapHBIX pelIeHHH BapHalMOHHOHM 3aauH: 

% sin9 sin (a + 6) — cosa sin® 2x 4- sin6 sin (@ — a) — sina sin26 cos2a = 0. (4) 

ABTop NOJvJIb3yeTcH cuyuaem BbIPa3HTb TuyOoKky!o  O6s1arofapHOCTb 

IO. JI. U1mpirsesckomy, oka3aBlliemy OOJIbUIyIO MOMOIMb MpH BBINOJIHeHHH 


paoorl. 
Tlocrynusio 
5 XI 1960 


IHTHPOBAHHAA JIMTEPATYPA 


1T. SP ynepaeu, E. Xautrim, Mexanuxa, 53, No 4 (38) (1956). 710. 0. Iuur-§ 
wesc KH i, IIpuka. matem. uv Mex., 21, 195 (1957). % G. V.R.R ao, Jet Propulsion, Ne 6,§ 
377 (1958). * JI. E. Crep uuu, H3s. AH CCCP, Mex. umammuocrp., 41, Ne 1 (1959). §f 
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ornagea Akagemun wayk cCcCcP 
1961. Tom 139, M 


TEOPHA YIIPYIOCTH 


A. A. AJIEKCAHJPOB 


PEWIEHHE OCECHMMETPHUHbIX 3AQA4 TEOPHH YNPYrOCcTH 
MPH NMOMOWM AHAJIHVTHYECKHX ®YHKIMA 


(ITpedcmasaeno axademuxom 10. He Pabomxoeeim 20 II 1961) 


B paGOotax (*,?) pemenne 1-fi{m 2-it OCHOBHBIX OCeCHMMeIPHUHBIX 3aqau 
PeopHM yipyrocTH Ip HeKOTOPBIX OrpaHMYeHUAX OTHOCHTebHO KONTYpa Teva 
CBOAHTCH K ONpeeJIeHHiO KOHTYPHbIX 3HAYeHHH ABYX aHaJIMTHUeCKUX MPyHKUME 
M3 JBYX HHTerpaJibHLIX ypaBHeHHi, MOYYeCHHBIX B OAHOM BHJe JIA CHOMIHOTO 
Tea (puc, la) uw B Apyrom — 

QA IpOCTpaHcTBa C MOJIOCTbIO 

Move. 16). 

_ B wacrosujei padote unte- 
Tpaybabie ypaBHeHHA moulyue- 

HbI B BUJe, YHUPMMMpOBAaHHOM 

14 cnmomnoro Teta u aia = %/s) 
| mpoctpauctga ¢c nosioctpio. THo- Zs 
\Ka3aHo, YTO OFpaHvueHusa pa- al) 
6otH (7) OTHOCHTeIbHO KOHTY- vA 
pa Tella MoryT ObITb CHATHI. 
JiaioTcaA HeKOTOpbIe pelleHus 
TIOJTYYCHHBIX YPaBHeHHH. 

_ 1.B pa6ote(?) BpameHuem 
MIOCKOrO COCTO#HUMA, CHMMEeT- 
‘pHUHOTO OTHOCHTebHO MvI0C- 
‘Koctu YOZ, nosyuenpi cueny- 
“10ULHe 3ABHCUMOCTH MexK LY KOM- 1y 
‘TIOHCHTAaMH 9TOTO COCTOAHHS 

POzn (x, 2), Orn (x, a) Sony 5) Wi 
KOMMOHEHTaMH OCeCHMMeTpH4u- Dees 
HOrO COCTOAHHA = criouHoro 

Tesla (C297, 2), Oro (r, 2), e° aE 


ys 


Srech Syn = V (Orn + Ozn), V — Koaunuent Ilyaccona. 

Bpeyem B 3aBucumocTu (1) mpeyqcTaBJIeHixt KOMIIOHEHTOB HJIOCKOrO COCTOS- 
HUA Yepes [Be aHaluTMyecKHe PyHKUMH MH BbIMOJIHHM TipeoOpa3s0BaHus, aHa- 
_ JlOrMaHbIe OMCaHHbIM B paote (7), c TOM pasHHleH, 4TO paspe3 MOCKOCTH 
_ KOMIJIeKCHOrO TlepemeHHOrO OyjeM IPOBOAMTb MO paccMaTpHBaeMoMy Tevly 
 BOM3H efO KOHTypa, a HHTerpHpoBaHve MO KOHTYPy 3aMeCHHM HHTerpHpoBa- 

HHeM BAOb GeperoB pa3pe3sa. B pesysbTaTe NOMyYHM: 


6 JAH, vr. 139, Ne 2 oon 


— To 


Creigte Oto | \ [2 (1 + 2v) ® (f) — ((— to + 0) & (4) — ¥ (0) La) 
to Vi-—ayt+h & 
ae | 
Ai Seat ~ nay. mabe 
O79 — Seo = ti [2 (1—2v) O(4) — (t— to + to) O'()+¥ (1) x 


2 [Bt ill — fe)? = (lo + 40) gy 


x 
V ¢—1) Ga 


—t, 


Cet \ [20 0). ¢— + 7.) O ee 2) = 


ViGEe) Gai 


4 : he, DLS a ee 
Ce (eee ey Chak 
ay | Het 8 0+ ¥ Ol eke 

Be 
Stra - ea i 
a 2 (ty + to) (3 AVP 2) OE) aoe 
at — ty + to 
xX —* Tt — dt, 
i Vf 5).Gaom 
aah 
mo? | B—weh tO +0640) 7 Oe 
“we VG 


Snecb f= r+ iz; to = ro + izo; to = ro — iz; fr, 2, fo, 2% — KOOPAMHATHI 
TOUeK KOHTypa MepvyMOHabHOrO ceyeHuA. MuTerpupoBaHMe BeseTca mo no- 


JOKUTeMbHOH BeTBA KopHaA V (¢ — fo) (¢ + to) . ‘ 


2. B paOote (*) np nomomim aMHeiHoro mepemMelleHHa OcecHMMeTpHUHoOro} 


COCTOAHHA HW KOMMOHEHTAMH MJIOCKOFO COCTOAHHA, CHMMETPHUHOTO OTHOCHTEeJIb- 
HO mocKoctn YOZ: 


[ee} 
rdr rdr 
Gan + Syn = 2\ (ro + Seo) Vron yp Cen == 2\ O29 Ven =a ’ 
x x 


feo) 
“ Dye = 2 ia 
Sin Opn = 2\ (Gro Ooo) = 5 a. Ty2en = 2\ Ue) ————— ee ’ (3) 
’ rVP—x Vr 
foo) 4 ee) d 
x dr rar 
tg = 2 \ thy Wy = 2) ty 


PaccmaTpuBaa 3aBucuMocTH (3) KaK HHTeMpasbHble ypaBHeHHA, pa3spelas 
HX H YUNTHIBAA XapakTep HanpAKeHHH Ha CeCKOHEUHOCTH, HalijleM: 


ie r 
6 he one ul \ 0 (Sen =P Syn) dx 6 4 ( OS 55 dx 
ro 0 = \ So Q 2S \ SS = 
ALF Ox Pas af Ox aes 
a) Vr—r w Vx r 
4 0 (Che a Syn) Daf 4 OV on x dx 
Cro — Oo == \ ee fig 2 a (4) 
eu) Ox om 2 1 Ox — 7?’ 
2 Ve—Pr r r Vr—P 
if if 
oh 5 oak \ Ou, x dx _ 4 OW, dx 
iy = 2 = — — ——__—___—. .. 
tr Ox Py ae aes 0 x Ox aor a SD 
- V x r es Vx rT 
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|Pzect C = — lim [Orn — Gyn) x]. Ecru raapuviit sextop ycunuit, npuaoxKen- 
' Xx—>00 
: HBIX K KOHTypy, paBeH Hyvo, TO C = 0, 
_ IlpousBoquble KOMNOHeHTOB MOCKOrO CocTOAHUS nO x Oye paccMaTpHBaTb 
Kak KOMMOHEHTBI HEKOTOporo jpyroro — KOCOCHMMeTPHYHOFO OTHOCHTEJIbHO 
aocKkoctu YOZ mocKoro cocTOAHHA, KOTOpoe MpeycraBHM Yepes ABE anasn- 
ruyeckve dbyHkuuH. Broa 
9TH TIPeCACTaBJICHHA B 3aBH- 
eMmoctu (4) 4 mpon3BoLa 
apeoOpas0BaHHua, anasoruy- 
able ONMCAHHBIM Bu. 1, mMo- 
|MYUMM 3HaYeHHA KOMIOHEH- 
TOB OCeCHMMeTpHuHOrO co- 
2TOMHUA HA KOHTYpe Teva, 
BbIPAXKeHHbIe Yepes KOHTYp- 
able 3HaUeHHA JBYX aHaJu- 
Puyeckux dyHKuni. pn 
JaBeHCTBE | HYJIO TylaBHoro 
3€KTOPa YCHJIMH, MpHJIOKeH- 
abIX K KOHTYpy, 9TH BbIpa- 
KeHHA COBMAaaIoT C BbIpa- 
KeHHAMH (2). 
_ 38. To o6cTosTesmbcTBO, 
4TO [Ba pa3JIMUHbIX HaJIO- 
KEHHA TIPHBOLAT K aHavo- 
TMUHBIM TIpefCTaBsIeHHAM KOMMOHCHTOB OCeCHMMeTPHYHOFO COCTOAHUA Yepes 
KOHTYPHble 3HAYeCHHA anaHTHYeCKMUX (pyHKUM, 3acTaBAeT MpeANONOKUTD, 
4TO STH MPeACTaBJIEHHA ABIAIOTCH JOCTATOUHO OOMIMMH MH UTO MOMKHO OTKa3aTb- 
°8 OT BBeqeHHOrO B padoTe (7) TpeOoBaHHA OHO3HAdHOCTH (yHKuMH F(Z) AIA 
IOMOBMHbI KOHTYpa MOMepeuHoro CeYeHHA Tela, JexKallel MO ONY CTOPOHY OT 
acu OZ. 

TlokaxkeM BO3MOMKHOCTb HaIOXKeCHHH — MPOBORMMBIX HeECKOJIbKO HHaye, 4eM 
8 paote (7), HO MpHBOAAUINX K AHAJIOPMYHLIM pe3ysibTAaTaM — MH IPH CHATHH 
sTOrO OrpanMuenuaA. Teo, HaxosAleeca B MIOCKOM JePOpMupOBaHHOM CocToS- 
aHu, OyeM paccMaTpuBaTb Kak 4aCTb yMpyroro mpocTpanctTBa, Harpy2KeHHOFO 
darpy3kamu Qu P, npusoxKeHHbimu 10 KOHTypy fr (2), H HarpysKamu Q (Q, 2) 
a P (a, 2), pacnpesenenHbimu BHe MepHHOHaMbHOrO CeyeHHA Tesla (pHc. 2). 
SameTuM, ITO pH 3aaHHbIX TpaHW4HbIX YCJIOBHAX TakOe 3arpyxkeHHe MHOTO- 
3HauHO.) BpalileHweM 9TUX Harpy3OK Ha YFOJI M OTHOCHTeIbHO OcH OZ NOAy4HM 
DCeCUMMeTpH4HOe CocTOAHHe Tena. BcnexcTBue BpalleHHA HaFpy30K MAOCKOrO 
toctonHHa Qi, Qe2, Q (a, 20), Pi, P2, P (a, 2), MpusoxwKeHHBIX Ha MTpsAMOh 


Puc. 2 


b 


2Q1 2Q2 "20 (0, 20) 9. 
4 q (p, Zo) = +- — ( =f Qa; : 
Ve V8 = 02 eV Pe (5) 
| ‘s 
2aP, 20,P2 2aP (a, 2) d 
1 P(P, %) = I Seg 
iat eV tae. Erheae 


' Iipu onpemesenupix COOTHOWeHHAX MexKLY HarpySkaMu OieOsy Pi, Pa 
Q (a, 20) u P (a, 20) q (p, 2) = p (p, 20) = O npu p > bo > ao. Orcrofa cue- 
yet, 4TO OCeCHMMeTpH4HOe CocTOAHHe Oe3 Harpy30K, JeHCTBYIONIHX BHYTpPu 
AC PHMOHAIbHOrO CeyeHUA Tea, MOXKeT ObITh NoMyyeno H Oe3 orpaHnuenua, 
JaJioKEHHOFO Ha KOHTYp B pacote (?). 
| ByIdcHUM, MOXKHO JIM B 9TOM CuIyuae MpescTaBNTb 3aBucumocTn (1) B Buze (2). 
| Ilycrh untTerpupopanve KOMNOHeHTOB NJOCKOrO CocTOsHKA (cm. (4)) Be- 
feTcH Blob mpamol AF, npoxoyamieH Ha yaacTKax BC u DE uepes oonacrn, 
le mpvviowkenbl Harpy3KH Qi, Qz, Pi, Pe, Q (a, 20), P (a, 20) -(pue. 2). Dru 
j Ge 339 
F 


. 


1 
' = Zo, pH p > bo > do NOABATCA OCeCHMMETPHUHbIe Harpy3ku Buna (cm. (*)) 


* 


Harpy3kH Oye@M paCCMaTPpHBaTb KaK HEKOTOpbIe OObEMHbIC CHILI, mpuye 
Qi, Qe, Pi, P2 MowkHO TpakTOBaTb Kak Harpy3KuH Qi (a, 2), Qz2 (a, 20),...! 
pacnpefeneHupie mo nupsamok AF ua yuacTKax fMHO d Tak, uT 
Qi = Qi (a, 20) d, Q2 = Qe (a, 20) d,... (B JanbHelulem npHHumMaem d —> 0)! 
IlpencraBuM KOMMOHEHTEI TWIOCKOrO cCOCTOAHHA OT Harpy30K Q = Q (fo 
P = P ((), mpyowkeHHbIxX Ha yuacTKe DE, B BAe HHTerpasoB HanpsxKeHui 
Wu cMelleHuii B TouKe C, He JexKalleli Ha mpamoH AF, oT cocpeqOTOUeHHEIX cH 
Q u P, npuaoxenHbix B TouKe Co mpamoi AF. Byjem HMeTb B BUY, 4TO 9T 
fi P +iQ 

~ 8a(f—v)~ 


x 


HanpsxKeHHA WM CMeILeCHHA OMpemerawotTca *byHKuHAMH ® (C) = 


ae v(O= 3—4v P—iQ &(P+iQ) 1 

Gr Go, 8 (1—v) C—fo Bt(ta-v) (Chol t ; 
3a UcKsIO“UeHHeM TOoUKH € = Co. [I]pHOnmKxaa Touxy € Kk C’ na npamod AF} 
BOCIOb3SyeMcA CbopmMyiamu CoxomKoro — IImemes. 


aAHaAJIMTHYHbIMH Bese 


b b 


lim. 5j\ ee = th) +g \ 


D 


a a 


BBowaA MOJLyYeHHbIe TAKMM IYTeCM HaMpAKeHHA NOCKOFO COCTOAHMA B 3a4 
BHCHMOCTH (1), HaHeM HallpaAvKeHHA OCeCHMMeTPHYHOFO COCTOAHHA KaK CYMM 
JBYX CJlaraeMbIX, COOTBETCTBYIONIHX HepBOMY HM BTOpOMy CcularaeMOMy TIpaBoH 
yacTtH dbopmywbt (6). Ecaa Harpy3KH m0cKoro COCTOAHHA TaKOBbI, YTO TPH 
p> bo q(p, 2) = p(p, 2) = 0, TO, conocTaBiaa BbIpaxeHua (1) u (5)J 
MOXKHO BHJeTb, YTO TMepBbIe CaraeMble, BXOJAUIME B BbIPAKCHHA Oz, Oro 
+ O99, Trzo, PABHBI HyJiO. Muterpasibl, BXOLALIMe B TpaBble 4aCTH BbIPaKeHHiy 
(6) uw durypupyroulme 3yecb B CMBICAe P1aBHOFO 3Ha4eHHA, a TaKKe MHTerpapl 
BXOJAUME B BLIPAKeHHA MEPeMeLLCHHH Uy U Wy, MPeACTABHMbI aHaJIMTHYeCKHM 
(YHKUMAMH H TpPHBOAAT K BbIPAxKeHHAM, aHamorMuHDM (2). AHanoru4uble pes 
3YIbTATHI MOXKHO MOVANT U JWIA HaslOKeHHA MPH MOMOMLH MHHEHHOTO CMe4 
ULCHHA OCECHMMeETPHYHOTO COCTOAHUA. 

4. Baowa BbIpakenua (2) B PpaHwuHble yCIOBHA 3aaquH, Moyyaem CHCTeM 
43 JBYX WHTerpasibHbIX yPpaBHeHHH JIA ONpemeseHHA KOHTYPHBIX 3Ha4eHHH 
ABYX aHasMTHuecKHX (byHkuunH. B cayuae, Kora paccMaTpHBaemble Tela orpa 
HHYeHbI OJHOH WH JBYMA KOHIUCHTPHYeCKHMM IapOBbIMH MOBepXHOCTAMH 
p(t), @M(t),... MoryT O6pniTb mpeqcTaBmeHbI pafqamu Bunda @ (t) = 

I 


J 


fl 1 

~- >} et abe(t)\ == » ae iia cnmowHoro mapa m = 0, n = oo; AA po 
L=m k=m 
CTpaHCTBa C MOOCTbIO #1 = — 1, n= — oo; AA MoNMoro wapa m = — oo 
n= oo. 13 yenoBHw CHMMeTPHH MOCKOrO COCTOAHHA OTHOCHTEJIbHO IJIOCKOF 
ctu Y OZ culelyeT, 4TO 4YeTHbIe KOXPPUMHEHTbI Ay, U by MHUMbI, a HEUeTHBIC BEF 
WeCTBeHHbI. BBeweM pxbl B BbIPaKkeHuA (2), H HCHONb3yeM 3aBHCHMOCTb ff 
( tat 


PV (2pm 


- = 0R*i*™P, (v) 


(3necb ¢ = Re”, R — paguyc ccepsi, v = cosa, P, (v) — nomunom Jlexanaf 
pa). YmMuoxwkad o6e uacTH ypaBHeHul ua P, (v) dv, uHTerpupysx ot —1 go +] 
M MCHOJIb8yA CBOHCTBO OpTOrOHadbHOcTH HowMHOMOB JlexKaHApa, MOXKHO 110 
JYYHTH (POPMYJIbI WIA ONpekeseHHA Bcex KOSdPPHUMeHTOB pxAOB. 


Hosocu6upcKuit HHCTHTYT ToctymH10 
HHIKEHEPOB 2KeMesHOMOPORHOLO TpaHcmopTa TOS LS6d 


WMTHPOBAHHAS JIATEPATYPA 


1A. A. Amnexcauapos, JAH, 128, Ne 1(1959). 2A: A. AnexkcaHapos 
JLAH, 129, No 4 (1959). | 
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Aoxuaayn Akagqemuu payr CCCP 
; 1961. Tom 139, Ne 2 


TEOPHA YIIPYTOCTH 
Ji. C. CPYBINMK » B. H. IOOBHY 


ACHMNTOTHKA YPABHEHHH BOJIbLUEOrO NPOrMBA 
KPYrJIOW CHMMETPH4UHO 3APPY)KEHHORM MJIACTHHDbI 


(ITpedcmaeaeno axademuxom IO. H. Pabomnoevim 24 II 1961) 


1. PaccmoTpim cHcTeMy HeuMHeHHEIX JudpepeHMabHBIX ypaBHenuii: 


| 2 A d 1d 
\ ; Dae — 0, Au + uv + @ (p) = 0, Ah Sil rahe (1) 


¢ Kp aeBbIMH YCJIOBHAMM OLHOFO H3 CNeEYIOULMX BYOB: 
: es ae abl yee De (2a) 
du G eid 
Mine) @) dips. Date etre 2) 
du 6 du 6 
eS ees = — — = Ys 2 
dp Pp  |p=1 S dp i pleas 0; (2¢) 
(6) bade a 0, u lesa = Q; (2d) 
v u t é 1 
eh ae hic, 2 (0<s<3). 


. Ypapuenua (1) — (2) — ypaBHeHHA GombumHxX mporu6oB KpyrioH ocecum- 
| MerpHino 3arpyXeHHOH muiactuupl (1,7). Syecb v CooTBeTCTByeT palMaJIbHOMy 

ycusui, dyHKuna vu = dw/dp, rye w — nporn6 nuacTuHb, a KpaeBble ycoBHA 
(2) coorpercTBy10oT pa3IMUHbIM cmocoOam KOHTypHOli s3azerku. Bennunna 
€° = h?/12 (1 — 0°) r? xapakTepu3yeT OTHOCHTebHYIO TOHKOCTeHHOCT msa- 


_CTHHEI; h — Tomuiuua; 1 — BHeMHHH paguye uo — Kosdpunnent Ilyaccona. 


e 
~@(p) = zi \ 9 (t) tdt, rne q (p) — HHTCHCHBHOCTh HOpMaJIbHOH Harpy3KH. Cy- 
f 


r 
“mectBoBante M @MHCTBeEHHOCTh pemenua (1)—(2) BerIreKaeT 43 pesyibTaTos (3,4). 


Hapspy ¢ (1)—(2) paccmotpum ypaBHenua MemOpanpi (e = 0) 


\ Avo == 0, wuovo + @ (p) = 0 (3) 
| = 
i 


C COOTBETCTBYIOWMMMU KpacBbIMu YCJIOBUAMH: 


Vo loa = T; (4a) 
du o aye 4 
Foy da a (4b) 
dvy 6 Gs ‘s 4 
te te 0; (4c) 
Vo lo=r = 9; (4d) 
Uo ; 
“Pp |e=o 


Mpi OyeM H38y4aTb ae sanaay (1) — (2) upH e—>0. Byjyr nocrpo- 
eHbI aCHMMTOTHYeCKHe pescraBsenua pewenuh sagauu (1) —(2) mpH e—0 
H MloKa3aHO, UTO pellenne 3sagaun (1)—(2) npu e—0 B m060l BHyTpeH- 
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Heit mogc6nactu u3 [0,1] paBHomepHO CXOMMTCH K pellleHuio 3azaun (3) —(4),| 
a mloBefenue pelenna safaun (1) —(2) B OKpecTHOCTH TOUKH p=1 uMeeT| 
xXapakTep nlorpaHHuHoro cuion (°,°). 

Jina uacruoro caryyaa ycuopui (28), Kkorgza g=const, B (7,'°) ObimH m0-| 
CTPOeHbI (OPMAMbHbIe ACHMMNTOTHUeCKHe NpelcTaBJeHHA pelleHHA HM NOCTaB-§ 
eH Bompoc 06 o60cHOBaHHH. 

2. Jina mpumMepa paccMoTpHM culyyal KpaeBbIxX ycuoBMHH (2a). Merogpi| 
NOCTPpOeHHA ACHMITOTHKH B OCHOBHOM aHaJIOrMuHbl paspaOoTaHHbiM B (°). | 
Breyem o6o3HaueHHA: TycTb BeKTOp V =(v,u)—pemlenne, a P[V] — aeBas| 
yacTb cuctempl (1). 

Jina pemenua (1) crposTcd acumMnToTHuecKve NpescTaBeHHaA Bula 


n+2 n+2 n-+2 
y= >) e805 -F Dierks >) esas. 
s=0 s=0 s=0 


fh n n 
u= Dyesus + Deg. + Dj eBs + Sn. 
s=0 s=0 s=0 
DyHKIHH Us (p), Us (p)! MomyuaroTcA cf nomouibIo 1|-ro uTepaljMoHHoro ! 
mpouecca*. Vmenno,} norpe6yem, uTo6pr P [V,zl = O (e?+1) (Vn = (v","u"), | 
be = a q 
nh 


fu 
(Ge 3 >| SO Oey | (oR = y e%us) . 
s=0 s=0 
[IpnpaBHnBasd Hysto KOS*HNHeHThI pH pa3sMM4HbIX CTeMeHAX &, TOJY- 
yaeM JIA OnpenemeHHa vo, Wo — (3), (4a), a AMA Us, Us CHcTemy 
1 F - 6 
Ais > uy, u; = 03}§ > Up dj + Aus_, = 0; (6) 
k+j=s k-+ j=s 
Be =) UE 0S eee 


U 
€ KpaeBLIMH ycOBHaAmMu — 


ae <(00, Us|p—; = Bs, rye B; —{noKa HeH3BecTHBIe 
nocToxHuple. Murerpupopanve (6) iA KaxKOFO S$ CBOAMTCA K pellieHnto JIMHeH- 
HOrO ypaBHeHusa Bua 
u> oa 
: bes 8 i ay 
Av; ara To Us = ih (p); p lp=o <00; Us lo=1 =,B;, (7) 
re f; (p) —M3BeCTHBI, CCIM Uo, Uo} U1, U1; . . «) Us—1, Us—y IKE HalieHbt.F4 

JlokaxkeM BHauae OfHO3HAYHYIO paspeuIMMOcTb 3anqauu (3)—(4a). Ina 

3TOrO BBeAeM HOBY1IO (YHKUMIO Wo = vo/p — T. V3 (3) — (4a) nonyaaem 
1 t 
1 Q(T) 
Wo = <= at \ =[Lw). 
0 \ edt \ see TE ot alee (8) 
P 0 

Ilycrs Sg— cepa B npocrpanctse C [0, 1]: wESp, ecau llwle < R; 
AK — konyc ouoxKUTeNbHBIX cbyHkunit; Kp = SR . Kr— BpIlyKsoe 
MHOMKecTBO. JlerKO NOKa3aTb, 4TO OnepaTtop L HenpepbipeH uv nepeBomuT Kp 
B ero KOMNaKTHY1I0 YacTb. Torga, mo Teopeme Illayzepa (°), nomyuaem, 4To 
ypapuenve (8) uMeeT perenne. 

3 (8) BpireKaeT, 4TO Vo = pWo >> 0. STo NosBOsIAeT TeNepb OKa3aTb CAHH- 
CTBEHHOCTb pelleHHaA 3afauu (3)—(4a), a Take YCTaHOBUTb OHO3HAHYIO 
pa3spemmmoctp saqauu (7). OTMeTHM, 4TO B Cayuae 3agauu (3), (4d) aaa cyme- 
CTBOBaAHHA pelleHHA HeEOOXOLHuMO MpennonoKUTS, 4TO @ (1) = 

@yuHKWuu Tuna norpanwynoro caoa A,(p), gs (p) MOmyaaroTcA C MOMOMLbIO 
2-TO uTepalHOHHOTO Mpouecca. Jims SToro pasHocTH v — v" uu — u” vmyTCA 


* © os r 2 a 
ofecb, Kak H B JaJibHeflemM, MBI NOMb3yeMcA TepMMHOMOrHeH, BBeTeHHOH B (°). 
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| Bue 
| % 
je aN : 
: v— vu? — yi Sha, tig = > e/ gj. (9) 
| m=0 j=0 
n 

Ilyctb qanee r= 1 — pu vg= ys epi ip » Upp’ — COOTBETCTBY Ic - 
1=0 1=0 
jMe pa3oxwKeHvA B pa Tetsopa B Touke r = 0. 

aa onpesesenuA &s, Ms MOMyYaeM CHCTeMBI JIMHeEHHBIX ude peHUH aJIbHbIX 
papnennil C MOCTOAHHBIMU KOSppPHUNeHTAaMH: 


GE =0, hilimor (= 0, 1); (10) 
Phe» Sy H PET 
: ica < Rifisti + Rets— 2, fC Uegy + > tT URS ji — 
ie k+j+l=s k+j+i+iss 
; . 
: Sey teeta Di cages 
dg dare ¢ j+itins 
; Cae Voo¥s = Rigs + RoSs—2 + », i. UriSj 7 t Ung; + 
i k-+-j+l=s k+j+l+1=s 
ee) ohn + 21 thebttim — Dye ahs LD 
j-+m=s i-m--1=s k+m-+l=s k+-m-+l+1=1 
d d ad d 
wee) RS SOs ee 
Greate, =), Dana OS); Dn ae) 
SKPaeBLIMH YCJIOBHAMH 2s|t9 = — Uso; Bslt—co = 0; Aste |t=0o= 0. V3 (10) BHHO, 
iTo ho = hi = 0. Teneps onpesensem kouctauTh Bs, nomaran B, = —Ah, (0). 
=v f= 
3 cuamy (10) nomyyaem u3 (11), 4TO go (p) = — wove cme ,T. &. go — PYHKUMA 


Tana NOrpaHv4HorO cyIOA HYJIeEBOTO NOpsAKa. 
; DyHkiH as (p) H Bs (p) KOMMeHCHPYIOT HEBASKY B BHINOJHCHHM TpaHH4Hbix 
COBH pH p = 0 coorsercTBeHHo Avian *yHKuUnt hs (p) u gs (p). as, Bs — 
JeCKOHeEYHO AudpepenuMpyemMbi HM YOBNeTBOPAIOT yCOBAAM 


> 


fas He(0), eqn O<p </9, —g;(0), ecm 0S P< "Hao, 
ds a 


lava, ecau/,<p<1; 0, ° cenn 4, < acer 


3. Tlonomum gp, = v — Re uw ye = U— Sx. I1pu WoKa3atTenpcTBe cxomH- 
MOCTH MCXOJMUM M3 OleHKH 
A (0 — 42) — 4a (u? — YR) = 0 (pe) *, 

. e*A (uw — fx) + (uu — Gaths) = O (pe**). (12 
JlemmMa 1 (H. ®. Moposos (*)). lia pewenua sadauu (1) — (2a) v > 0 
— Jlemma 2. JIna docmamouno manix ¢ (0< & < &1) Ons ecex p€[0, | 

enpaeednueo: 1) pp > 0; 2) min (@,/p) > T/2. 
Jlemma 3. Ja Ry u S, cnpaeedauea aHepeemiueckan oyenka 


z a 1 1 2 ih 
dR, |2 4° R? dS, 2 2¢ Ss £ 
\ aa ays + a do + +\—e dp + 7\ Sk dp < 
0 0 0 
| < Cotta Rij + [Sedat (13) 


| : 
{ * Mp ropopum, uto f(p, &) =O (pe*t1), ecau |f(p, |< Cos*+1, pre C —nocrosu- 
1a A, He 3aBHCHUlaH OT p H €E. 
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a 


Teopemal. Jlna sadauu (1), (2a) imeiom mecmo acumnimomuueck 
npedcmaerenun (5), 20e 0rd Ry u Sp cnpasedausvi caedyrouue OYeHKU: 
max |Rx (p)| << Cie#t4, max |Sg(p)|<Cas*t (k = 0, 1, 2, 3,..:, 2); 


0<e<1 0<e<1 


mee Bt |< Cet (k= 0, Less); 
beer ece 
dS 
max ao Cys’ (k = 2, 3,...); : 
o<e<i! @P 
d?R 
max |—y|<Cse** (k= 1, 2,...); 
ocean 12? 
aS, | 
max — Cyt (k = 3, 4,...). oi 
o<e<i! 4 


4, Pasnoxwkenua Bua (5) cnpaBeqHBb M Wa 3anay (1), (2b); (1), (2c) uv (1), 
(2d). IIpu stom B cayuae (1), (2b) 


go = —uon exp|—V % |, ea, | (17) 
H CipaBeqiuBpr oleHKu (14)—(16). B caysae (1)—(2c) | | 
re M = + = Up lo=r 
B caryuae (1), (2d) 
oo voisigo = 0; Yi > 90, Zolt—o = —Uoo, Zolto= 0. (19}f 


Pemenve ypaBuenua (19) BEIpaxaetca uepes cdbyHKuuu Siipu (°). 
5. Uupuna yaacrka Kpaezoro appexta O (e|In s)). 
6. YkasaHHBIe MOCTpoeHHA M OKa3aTeENbCTBA CXOMMMOCTH pactpocTpa- 
HAIOTCH Ha ypaBHenusa (1) c Gonee O6mMMM KpaeBLIMH ycsIOBYAMH (") 
du 3 Uv du kg \ u 
a (al a 


e=1 2) p. |p=1 , 
oe eu i P=0 Soe fo 
ua £9 Tonyyaem 
ate § My —— 4 = 6 i 
Eo V voo8? + ce? + he exp je Veo é | ’ (21) 


ae 
roe Mi = e a + (8°86 + he) wo |p. 


7. [lpumensembili MeTox nosBomseT paccmoTpeTb TaKKe ypaBHeHhsA Pie: 
MpOrvOoB KOJbWeoOpasHEIx MWacTHHOK. 


PaOota BbINOHeHa B CeMMHape MO HemMHelHEIM 3amagam mpu PocToBcKom- 
Ha-JlOHy TrocyfapcTBeHHOM yHuBepcutere. 


Tlocrynuso 
20 II 1961 


UHMTHPOBAHHAS JIMTEPATYPA 3 


2 1B. HW. PWeogocbes, Ympyrve 9eMeHTbl TOUHOrTO MpH6opocrpoenusa, M., 1949. 
A.C. Boapmup, Tn6xue naacrunnt u o6onoukn, 1956. *W. YW. Boposuy, JAH, 
105, Ne 1 (1955). *H. ®. Moposos, JLAH, 123, Ne 3,417 (1958). © M. HW. Be 
mu, JI.A.Jlioctepuuxk, YMH, 12,B.5(77),3(1957). © M.U.Bumuk, Jl. A. Jlw- 
CTePHHK, JAH, 121, Ne 5, 778 (1958). 7 COopx. Teopusa rHOKux HM KpyrsbIX WaCTHHOK, 
WJI, 1957. M. A. Kpacuoceabcexkuti, Tononormyeckue meToybl B TeOpHu He- 
TMHERHELX | HHTerpasIbHbIX ypaBHeHuli, 1956. °® B. A. ®oxk, Ta6snub dyHKunu Opn, M., 
1946. E. Bromberg, Comm. Pure and Appl. Math., 9, Ne 4, 633 (1956). 
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Joraagn Akagqemuu nayrx CCCP 
1961. Tom 139, Ne 2 


Co ae a 


PHSHKA 


| B. A. APBY30B, A. H. TABXEJIMJ3E u P. H. ®AYCTOB 


K BOMPOCY O MACCE ®EPMHOHA B 7°-HHBAPHAHTHOM 
MOJEJIM KBAHTOBOM TEOPHHM NOJIA 


(ITpedcmaeaeno axademuxom H. H. Bozoasoboeom 21 II 1961) 


Se 


B pxafe Hef2aBHO MOABMBINMXCA paooT (') NpeqNpHHATA MONbITKa NOMYINTb 
' KOHeEWHYIO Maccy depMuona B Y°-HHBapHaHTHbIx Teopuax. Maccospie nompaB- 
| KM, BBISMCJICHHbIe B JIIOOOM NOpsAyKe TEOPHH BOSMYLWEHHM, B STOM CJlyaae PaBHBbl 
“HyJHO. STO OOCTOATeJbCTBO, OHAKO, HE CJIYKUT TOKasaTeMbCTBOM TOrO, 4TO 
/macca He MOMKET BOSHHKHYTb H3-3a B3aMMOJeHCTBUA, TAK KaK JA MpaBMAbHOTO 
“TIpPHMeHeHHA TeOPHH BOSMYNICHHH, COracHoO MOO%KeHuIO, BbICKAaSaHHOMY 
H. H. Boromo6osnim (?), HYy2KHO Ipe{BapHTebHO CHATS BEIPpOwMenue. Ha- 
\TpHMep, CHATHE BLIPOAKeHHA, CBASAHHOTO C COXPpaHeHHeM YHCa YaCTHI, MO0- 
_ 3BOJIA€T MOJIYYHTH NpaBHJIbHOe PellleHve B TEOPHU CBEPXIPOBOAUMOCTH, KOTOPOe 
HE MOXKEeT ObITb NOyyeHO NO OObIGHOH TeopHH BosMyleHHH. IIpu paccmoTpe- 
| HMM BONpoca O macce depMHOHAa BbIPO*KMeHve CBA3AHO C HHBapHaHTHOCTbIO 
_ OTHOCHTEJIbHO Tpymmbl y°-1peoOpasoBannii: 


wr 


perp, |. p> pe, cae) 


Tlocie CHATHA BLIPOKTEHHA BeIMUMHI, He HHBAPHaHTHbIe OTHOCHTEJbHO Y°-l1pe- 
OOpasoBaHHii, MOryT MOJIYYUTb KOHeYHbIe MpPHPallleHHA, B YaCTHOCTH, BOSMOXHO 

_ TOABJIeHHe MaccbI cbepMuoHa. 

I B otauune of paoot (+), MbI paccMOTpHM MOJeJIM, B KOTOPbIX OTCYTCTBYIOT 
PaCXOJMMOCTH, a HMCHHO, CHCTeMbI PePMHOHHBIX NosleH, BSAaMMOeHCTBYIOWIUX 
C JCHCTBHTeCIbHbIM BEKTOPHBIM TIOJIEM B JBYM€PHOM IIpocTpaHCTBe — BpeMeHH. 
Mojetb B3aNMofelicTBHA OesmaccoBoro depMHOHa C BeKTOPHbIM Me3OHOM, 

- OG6slaaroljuM MaccoH, u3yyaacb B paboTax (*), re MOKa3aHO, 4YTO OHA C NOMOLIbIO 
KaHOHHYeCKOrO MpeoOpas0BaHWA CBOANTCH K 3afaue Oe3 B3aMMOJeHCTBUA, H, 

_culeqoBaTeibHO, pyHkiua [puna He HMeeT AONOJIHUTEIbHBIX MOJIOCOB KpOMe 
p? = 0. JI]pumenum mpefsaraemplii MeToq mpexye K STON MOeJIM, Tak Kak 

' 3eCb MbI HM€€M BO3MOX%KHOCTh CpaBHHTb Pe3yJIbTaT C TOUHBIM pellieHHeM. 

JlarpawxkuaH paccMaTpHBaeMoli CHCTeMbI MMeeT BHA (MbI OyyeM cuJlenO- 
 BaTb O6o3HaueHHAM (*)): 


(xe So (x).-F Li )s 


Lo(3) => DE Bet — sy Te): | — 
; (2) 
i OA, OA 2 
5 Dieter: et tp De: An (x) An (2): 
7 k,n ak n 
i £1 (*) = £ S) P(x) vp (x) An (Xx): Riza gones 
if n 


i Z 
» 3necb p — onepatop depmuonHoro Nowa H A, — OMepaTopbl JelcTBUTebHOrO 


BeKTOPHOFO HOJIA CO clapHBaHveM B lHaroHaJbHOW copMe. 
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B cooTBeTcTBHH Cc MpedbiqyULHMH 3aMeuaHHAMH, BBeeM B JlarpaHKuaH 
6eCKOHeEYHO MaJIbIH WIeH 


— hsp (x) P(x) 


CHHMAIOIWWMM BbIpOmKTeHve, cBA3aHHOe c rpynnok (1). [[peanonaraa Bo3mMox- 
HOCTb MIOABJICHHA MACCHI, 3aNHWIeM MOJIHbIM JlarpaHxKHaH B BHZe 


AIC eds C2) esa C4) 
Lo (x) = Lo (x) — mM: (x) P (x): (3) 
Ei (x) = £1 (x) + (m —d) : PO) W (X):. 


Tlockombky Macca depMHOHA ABHO y4TeHa B MepeompesesieHHOM CBOOOHOM 


jlarpanKuane £, Mbl ToTpeOyeM, 4TOObI BCe MaCcoBble NOMpaBKH B CyMMe 
PaBHAJHCh HyJIO. ITO TpeOoBaHHe NPHBOAUT K ypaBHeHH10 


Il 


3 (p) |pamt = — m+ E°(p) |ppame = 0, (4) 


rye > (p) — MoJuJHbIH MaccOBbIH OMepaTop, NOJIyYeHHbIM U3 JlarpaHkuaHa B3aH- 
, Ss 


Mojelictaua £;. ByeM Ha3biBaTb ypaBHeHve (4) «ypaBHeHHeM KOMMeHCallHH» 
MO aHasloruu c TeopHell cBepxmpoBogumoctu (°). Mcnonp3ya (1) H KOHKpeTHBIi 
BH, JiarpawskuaHa (3), MOKHO MOKa3aTb HHBAPHaHTHOCTb ypaBHeHHA KOMMeH- 
CalWH OTHOCHTeIbHO rpylbl y’-mpeoOpasoBaHul. YpaBuenue (4) B HM3IIeM 
NopsqKe TeOopHH BO3MyWeHHH pH ycwopun g*/u?»< 1 uMeeT BUHL: 


x 2m? ms * ‘(5) 


IIpu A — 0 5To ypaBHeHve MMeeT pellieHHv: TpHBHaIbHOe, KOTOPOe COOTBET- 
CTByeT TeOPHH BO3MyIeHHH, m=O, H HeETPHBHalbHOe m?= p2e—27P7/8?, co- 
lepkalllee HeaHaJIHTMYeCKy!0 3aBHCHMOCTb OT KOHCTAHTbI CBA3H. C WeJsbio 
NOJIYYeHUA BLICIIMX NpHOMMKeHHH B ypaBHeHuH (4), IpPHMeHUM MeTO peHopMa- 
JIM3alHOHHOM rpynmpr (*) c yyeTOM KOMIMeHCalMH MaccoBbIX MompaBok. MuBa- 
DHAHTHBIM 3apA B 9TOM CJIyYae OKASbIBAeCTCA PABHbIM eMHHULe, H ypaBHeHHe 
KOMMeHCalHH MpHHuMaeT tbopMy 
‘a 2 2 
mexp ae at In =} Sas (6) 


Ypabuenve (6), B oTmHuHe oT (5), HMeeT TOJIbKO HYyJIeBoe pellienve, uTO 
COOTBETCTBYeT BbIBOJaM, MOJIYYeHHbIM M3 TOYHOTO pelleHHA MOEN. 

IIpHMeHHM H3J0%KeHHbI MeTO K JByXtbepMHOHHOH MOgesIH C BeKTOpHOL 
CBA3bIO C JlarpaHxXHaHOM B3aHMojelcTBHA 


i= Dy fevbr + gern + sie Gary + br] An: (7) 


re p M X% — OllepaTopbl ABYX pa3JIMYHbIX CNMHOPHBIX Mouel. 
IIpeqnouarad BO3MO%KHOCTb BOSHHKHOBeHHA Maccbl y OOouX cbepMHOHOB, 


IpOW3BefeM MpeoOpasoBanne arpanxKuaHa aHasorMyno (3) M NowyuMM cucTemMy 
ypaBHeHHit KOMMeHCallHH 


Sy ity dy (ip) | 0, 


P= 


(8) 
ptm? = Ae — Mg + Ls (p) ae =0, 
2 2 


re 24,2 (p) — MomHbIe MaccoBble OlepaTopbl Mone p uy. 
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' PaccMOTpHM CHCTeMy ypaBHeHHli KOMMeHCaI\HM B HUS3INeM MopsAKe TeOpHu 
BOsMyIeHHit TIpH Bly, g2/y?, g?/nt << I: 


2 2 2 
8M th (oe aie Line In pe! 


My ect Ax — 272 m2 } 2m? m ) 

ba eee ae (9) 
Wine A = bt abs LG FN ged bcd 

2m? 5 amp? m? 


IIpu Ay. = 0, KpoMe TpHBHabHOrO peuleHua mi = me — 0, MMeeTca u 
|HETPpHBHaJIbHOe, KOTOPOe C MOrapHdMuyeCKOH TOUHOCTbIO MOXKHO 3allHcaTb B 
Bue 

Tip? 


m — mi ~ m? = wexp {— > 
uae” gigs — gt 


(e+ 8 —V (gi — e+ 484), 
(10) 


em bo 


eee aa V (2 — @)P + 4g 
e—ert + V (g? — 92)? 4+ 4gt 


M3 (10) BugHO, 4TO NOKasaTeIb SKCIOHEHTHI OTPHULATEJIeH, CuIeOBATeIbHO, 
nm? <w* w pellieHve HMeeT «CBEPXIIPOBOAAMIMM XapaKTep». Smecb, Tak Ke KaK 
4 B MIpeqbyueH sajaue, MOXHO IIpOCyMMHPOBaTb HEKOTOPbIe KaCCbI PaBHbIX 
1MarpaMM, IPH 9TOM pe3yVJIbTAT, MOJYYCHHLIN B HH3INeM NOPALKe, KAYeECTBEHHO 
He u3MeHseTCH. Pa3symeeTcH, OCTa€TCH OTKPBITHIM BONpOC O KOPpeKTHOCTH 
ZYMMHPOBaHHA BLIOPAHHIX KaCCOB AWarpaMM H, CJe@IOBaTeIbHO, O BO3MO%K- 
HOCTH CBEPXNPOBOAero pellieHUA TIA Maccbl. B TeopHu cBepxXMpOBOAMMOCTH 
H. H. Boromo6oxppm (°) 6bi10 M0Ka3aHO, YTO JIA MOJeJIbHOTO raMHJIbTOHHaHa 
Bapyuua pelienHe ypaBHeHuA KOMMeHCalMH ACHMMTOTHYeCKH COBMamaeT C TOU- 
HbIM PelUeHHeM. ITO TakxKe aeT HAM OCHOBAHHE HaJleATbCA, ATO pelleHue ypaB- 
HeHHA KOMIM€HCallHH KaveCTBeEHHO OTpaxKaeT YepTbI TOUHOTO pellleHus. 

ABTOpbI BbIPaxkaioT r1yOoky1o OmarofapHocTb akag. H. H. Boromo6osy u 
A. A. JloryHoBy 3a mocTOsHHOe BHAMaHHe kK padoTe u OOcyxTeHHA. 


m 
m 


rob 


‘OObeHHEHHEIM =MHCTHTYT Tlocrynuuio 
eAJ[epHBIX HCCIeqOBaHHi 8 Il 1961 


IWHTHPOBAHHAH JIMTEPATYPA 


1Y. Nambu, G Ilona-Lasinio, Preprint EFINS-60-40; R.E. Marshak, 
S. Okubo, Preprint; B. lr. Baxc, A. H. Jlap ku4n, IIpenpuut Vucr. atom. sHeprun 
AH CCCP. ?N. N. Bogolyubov, Physica, 26, Suppl. 1 (1960). * V. Glaser, 
iB. Jak Sic, Nuovo Cim., 11, 877 (1959); I. Sol1n, Nuovo Cim., 18, 914 (1960). +H. H. Bo- 
ronw6os, J. B.UWupKos, Bregzenue B TeOopHi0 KBaHTOBaHHbIX noseH, M., 1957. 
5 H. H. Borounw60B, KOTO, 34, 58 (1958). ® H.H. Borowtw6oB, O mozeibHom 
| TAaMHJIbTOHHaHe B TeOpHH cBepxmpoBoguMoctsH, IIpenpunT OObegqHHeH. HHCT, sAep. UCcJeL., 
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Jloxrnagn Akagemun HaykK CCCP 
th 1961. Tom 139, Ne 2 


B. JI. EPMOJIAEB 


C&EPbI JEMCTBHUA TYMEHHA B CUIYYAE MEPEHOCA 


SHEPPUN MO TPHMNJIETHDIM YPOBHSIM 
(I1pedcmaeaexo axademuxom A. H. Tepenunoim 27 II 1961) 
Hactosujan pa6otTa nocBsaleHa onpesesenHio cep WeHCTBHA TYIUeHHA LI 7 | 
6e3bI31VYaTeIbHOTO TepeHOCa SHEPIHH SJICKTPOHHOTO BO3OyKeCHHA MeKILYp 
TPHIVJICTHDIMH YPOBHAMH B SABJICHHH CeHCHOHWJIM30BaHHOH (bocdopeclleHuMup 
OpraHvyecKHx CoeMHeHHi B TBEPAbIX pacTBOpax, OOHapyxeHHom A. H. Tes 
PCHHHbIM HU aBTopom B 1952 r. (1,?). B nocmeqHux paboTax aptopa u A. H. Te+ 
penuua (37°) Opwio NOKa3aHO, TO ABJeHHe CeHCHOHIH30BaHHOH doccopec- 
WeCHIMH OpraHHyeCKHX COCAMHEHHH OOYCJIOBJICHO OOMeHHO-pe3OHaHCHBIMH B3aH- 
MOJeHCTBHAMH TPHIVJIETHOH H HEBOSOY2KJCHHOH MOJIeKys1. OOMCHHO-pe30HaHCHBIé 
B3aHMOJCHCTBUA PaSBePTHIBAIOTCA TIpH ca6oM HaNO%KeHHH NMepHdepHyecKuxp 
yacTeH 9SJIEKTPOHHEIX OOosIOUeK BO3Oy2KTCHHOH MOJIeKyJIbl JOHOpa SHeEprHH 
C HeEBOSOyKJeCHHOH MOJIeKyJIOH aKIelTOpa HM IPHBOLAT K OeSbi3zJIyuaTeJIbHOMY| 
M€peHOCy IJIEKTPOHHOH 2HEPruu OT MepBoli Ko BTopol (°). B ormHune oT HHAYK> 
THBHO-pe30HAaHCHOrO B3aHMoselicTBHA (7~°), B clyuae KOTOpOTo SddeKTHBHbIMp 
TI€peCHOC SHEPrHH HaGMIOPAeTCA TOKO VIA paspelWIeHHbIX NepexoOB B aklen-y 
TOpe SHEPrHH, OOMeCHHO-pesOHaHCHble B3SaHMOJeCHCTBHA MOTYT HHLYWMpOBaTB 
B AKlelTope 9HEPIHH TakxKe 3allpelleHHbie MepexObl, B TOM 4YHCJIe HHTeEPKOM- 
6H HallMOHHO-3alipelleHHble CHHIYyJeT-TpunvieTHbIe nepexogyl (*). B padotax (?~*)f 
OTMe4aJIOCb TaK%Ke, UTO B Cyyae CeHCHOMM30BaHHON docdopeclleHuHH 3aBH-§ 
CHMOCTb BEJIMYMHLI TYWeHHA cdocdopecueHunH WouHopa J,// oT KOHWeHTpalHny 
aklenTopa B TBEPOM pacTBOpe xopollo onucbIBaeTca cbopmysioH WD. Ileppe- 
Ha (1°, 9) 
Ip {IT = exp toN’G), 


re /, u J —MHTeHCHBHOCTH (poccbopeclleHILM JOHOPA COOTBETCTBEHHO 6€3 aklel 
Topa H c akulenTopom; NV’ = 6,02 -10?° — yncno Momekys pacTBOpeHHOrO Be- 
ujecTBa B 1 cm® pacTBopa pH KOHWeHTpaunNH | movb/n; C — KOHUeHTpaluag 
B MOJIAX Ha JIMTp; Vv — cepa JeHcTBUA TYLUeHHA B KyO. CaHTHMeTpax, He 3a- 
BUCAMLAA OT KOHILCHTPallMH KOMMOHEHTOB JIA JAaHHOH Napbl JOHOpa HU akuWenTopall 
sHeprun *. B QaHHOo paOoTe Mb MpOBepHJIM BbIMOHUMOCTb copmysE DP. Tep-§ 
pena B Oovlee WIMpOKOM MHTepBaJle H3MCHEHUA BeJIMYHHbI TYWICHHA HU onmpeye-f 
JIMJIM C €€ MOMOMIbIO Chepbl AelicTBUA TYIMeHHA V JIA OObIWOrO YMCA KOMOH-! 
Halu JOHOpa HW akilenTopa 9HepruH. Bpwin u3MepeHbl TAaKxKe OTHOCHTECJIbHBIC) 
BbIXOAbl CCHCHOMJIM3OBaHHOH chocdopeclleHWMH, T. €. OTHOWeHHe UMCIa KBaH-| 
TOB, M3J1y4aeMbIxX B Bue chocdopeclleHUMH aKllenTOpa, K KBAHTOBOH HHTCHCHB- 
HOCTH NOTYWeCHHOH YacTH cBeyeHHA ZoHOpa (Ha / (Nop — Np)). | 

VismepeHusit HHTCHCHBHOCTH M CIeKTPOB JNOMHHeCHeEHIHH MpOw3BOLHJINCbH 
Ha CBeTOCHJIbHOM CHe€KTPOMeTpHuecKOH YycTaHOBKe, OMMCcaHHOM pauHee (4,”).| 
li3smepsemble pacTBOpbl HasIMBaJIHCb B IWIOCKHe OJMHaKOBbI€e YBHOJIEBbIe KIO-| 
BeTbI, MOTpyKaeMble B MJIOCKOCTeHHbIN YBHOJICBbIN blOapOBCKHH CTaKaH C KH]- 
KHM BO3YXOM WIM as0TOM. Bo36yKeHHe OCYIIECTBIIAJIOCb PTYTHBIMH JIMHHAMH| 


* Tipu BbiBoze popmyabt ©. Tleppena npennonaraetca Haimune BOKpyr Bo3Oy2KeHHOH | 
MOJIEKYJIbI ROHOPa XOPoO moO OrpaHHyeHHOH Cepbhl TelicTBHA TYIWIeHHA, NP NoMa_aHun B KOTOpylO 
MOJICKYJIbI TYMIMTeA MpOHCXOAHT «MrHOBeHHOe» TyleHte. 
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3650 umn 3340 A yepes Monoxpomatop c AupakWHoHHon pemerKol. U3me- 
JeHHA TYWICHHA HM CIICKTPOB MpPOBOAHJIMCh pH HeMpepbIBHOM BOs6yxKeHHH 
|MIPH KOPOTKOM BPeMeHH 3aTyxaHHA chocdopecuenunu t< 107? cex.) nau 
© ABYXJHCKOBLIM ocopocKkonom (t > 107 cex.). B KayectBe pacTBopuTeA 
MCHONb30BaaCb CNMPTOBO-supHaA cmech (2:1 no o6bemy), 3amMep3atoulaa 
| np 77° K B Bue cTeKua. OuncTKa BerlecTB H pacTBopuTeseH Obilma omucaHa 
anee (*7,4,11), 

_ Ha puc. | npuBezenbi npumepbl 3aBucumocTu TymenuA docdopecueHuun 
AOnopa SHEPruU OT KOHMeHTpalluu aKyenTopa. M3 pucyHka BAAHO, 4TO cop- 
Mya ®. Ileppena BbinomHAeTCA ZOCTaTOYHO XOpoulo BO BCeM UCC/eLOBaHHOM 


i 


Puc. 1. 3asucumocts storapudma sennunuer Tylue- 
‘HHA CocwopecieHyHH oHopa sHepruu (In (/,//)) or 
KOHIeCHTpallMH akuenTopa C JIA pa3siM4HbIx KOMOH- 
Haun soHopa u akuenTtopa. / — Gensodenon + 1- 
pomuadtanun; 2— Kap6as00 + nadranuu; 3 — ce- 
‘Hantpen + Hadtanun. Bce B cnupToso-abupHoli cmecu 
93° K. Bos6yxyfeHHe ocyillecTBIsoch B o6/lacTH 
CilekTpa, fe MOriowlawT TOKO MoOJeKy.IbI ZOHOpa 
| Sxeprum, A 3650 A jaa Gex30dpenona (1) u A 3340 A 
| WA Kap6asoula u cenantpena (2 1 3) 


| 


Cm Oi PAB at mane/a 


HHTepBase KOHMeHTpaluh akuentopa. Ilo HakMOHy MpAMbIX MOXKHO onpese- 
“IHTh cchepy elicTBHA TyWeHHuA QOHOpa akuenTopom u3 copMydEI: 


v = (In/,/ 1)(N’C) cm. 


| Onpeyeenuble TakKuM O6pa3om ccepbl JeHcTBUA TyuWIeHHA MpHBeseHb! B TAO. |. 
Pasmeppi cep felicTBuaA yKa3biBaloT Ha TO, TO WIA pa3BHTHA OOMeHHO- 
‘Pe3OHaHCHbIX BSAHMOJCHCTBHH, SaBePLIaIOWHXCA OeSbI3J1yYaTeIbHbIM MepeHO- 
COM 3HEPrHH SJIEKTPOHHOrO BO3OyKTEHMA, MOCTATOUHO BeECbMa HC3HAUHTEJIbHOTO 
‘“MepeKpbITHA mepHdepuyecKkHXx YaCTeH IJIEKTPOHHbIX OGOIOUeK B3aHMOJelCTBYIO- 
“IHX MosieKyw1. Ecnu mpHHATb, 4TO O6e B3aHMOLeEHCTBYIONIHE MOJIEKYJIbI HMeIOT 
*dopMy UWaposB, To nowyuHM jwia pacctosHua R mMexkKy WeHTpaMH MouweKy., 
/TIPH KOTOPOM UMeeT MECTO Oe3bI3/IYUATEJIbHbIM MepeHOC JHEPruu MO TPUIVIeTHbIM 
-YpOBHAM, 3HaYeHHA, MpuBeseHHbIe B Tabu. |. 
.  B nocnequem cTon6ne TaGHIUbI NpHBeLeHbl OTHOCHTEJIbHbIe BbIXOJbI CeHCH- 
'OumH30BaHHON docdopecuenuuH. Beanuunna na / (Yop — No) NocTOAHHa pH 
 BCeX HCCIEMOBAHHbIX KOHILCHTPalMAX OHOPA HM AKIeNTOpa JHEP, HO CHJIbHO 
3aBUCHT OT BUa MOJIeKy JOHOpa HM akuernTopa dHepruH. JA mpHBeqeHHbIX 
B TaQJIHUe KOMOHHALMH MoHOpa UM aKUeNTOpa OTHOCHTEJIbHbIM BhIXOM CeHCHOH- 
JIM3OBaHHOH cpocdopecueHuHH u3smMeHsetca oT 0,07 go 1,0. Iipwuannpi, ompeze- 
' AAWU[Me BeNHYHHY OTHOCHTEbHOTO BbIXOa CeHCHOHMM30BaHHOL docdopec- 
| WHIM, MOKA HeACHBI. OfHakO ABJEHHe CeHCHOMJIU30BaHHOK cbocdopecleHuHH 
_ MO3BOHeT BO3S6yKLaTb MOVeKYJIY AKUWeNTOpa HeMOCpeACTBEHHO B TPHIINeTHOe 
_ COCTOAHMe, MHHYA cbylyopecueHTHOe, ITO, ECTECTBEHHO, NpeCTABIAeT MHTepec 
C TOUKH 3PCHHA BOSMOMHOCTH Pa3eJICHHA IIPOMeCCOB TYMeHHA, PasBePTbIBAaIO- 
WIHXCA B dayopectieHTHOM u chocctbopecleHTHOM COCTOAHHH OpraHHyecKHXx MO- 
| weKyJ. 

M3mepeHuble HaMH BesIMUMHEI Chep WeHCTBHA TYWIeHHA MpeCTaBAIOT OCO- 
Obit HHTepec B CBA3H C HeEaBHO MpoBeseHHbiMu Bexcrpemom u Canypocom (1%) 
OMbITaMH 110 HaOMIOJeHHIO ABJICHHA MepeHoca SHEPIHH 10 TPHIVIeTHbIM yYPOBHAM 

|B *KUAKUX pactBopax. IIpu pacuetax Bbexctpem u Cangpoc nomaranu ccbepy Wei- 
y CTBUA TYINCHHA TPUNMeTHOTO COCTOAHHA paBHOH KuHeTHYeCKOu. Halu annie 
yYKa3bIBaloT, 4YTO Ha CamMoM jlevie ccbepbl eEHCTBHA HECKOJIbKO TIPeBbIlaloT KH- 
HeTHYeCKHe. Bospuian sdpcpeKTHBHOCTH MepeHOCa SHEPFHU M0 TPHMIe€THBIM YPOB- 
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} 


Ccepp! felicTBuA TYWeHHA H 


Taobuauna 1 


KBaHTOBble BbIXOJbI B ABJICHHH ceHcHOuIH380BaHHOn 


tbocbopecuennun * 


Ne Ne Tlonop Axuentop v-1077 BcmM* | RBA |n A(X, D —Np) 
il Ben3aubyerug Hadbraaun OFOesu 12 OMe 
2 Beu3asbyeruy {-X nopHabtaiun TAY 12 0,22 
3 Bens3aubaeruy 1-Bpomua tau n2 12 0,27 
4 BensodeHou Hadraauu 8,6 13 0,07 - 
5 BexusoieHou 1-MetnaHadtTaluu 9,9 13 0,07 
6 Beusopenou 1-X nopHadtanun 9,0 13 OR 
il BexnsodeHou 4-Bpomuadtasuy 8,6 4133} 0,20 
8 Bensodenou 4-Voquabtamun 8,6 13 0,35 
9 Bex3opeHou XUHOJHH Thy 12 0,14 

10 AtletodeHou HadtasmuH 6,0 14 0,40 

14 n- X nopOeH3avibweruy Hadramun 6,7 A, 0,14 

(We n- Xop6eH3arbyerny 1-Bpomuagraiuu 6,2 fl 0,49 

13 o- X lop6eH3aibyzeruy Hadraiuu Diet 41 Opa 

14 m-Won6ensambyeruy Hagtamuu 0,8 14 Ox 

AS m-Von6en3ambyrerun 1-Bpomuadbtaauy Bea all 0,30 

16 KcaHTou Hadraauu Ore 15 Onda 

47 AUuTpaxHHOH Hadraauu 5,9 41 0,10 

18 AuTpaxuHoH 1-Bpomuadramnu ~7,6 ~12 |] ~0,27 

19 Tpudenusamun Hadraaiuu 9,3 13 0,07 

20 Kap6a30n Hadraauu 14 15 0,08 

241 MenanTpeH Hadraaun 10 13 0,30 

22 @MenauTpen 1-X jopHadTamnH ial 14 0,73 

23 @MenauTpeu 1-Bpomuaptaiuu ~11 ~14| ~0,99 


_ * Bee usmepenua MpOBOANJIHCh B CHUPTOBO-shupHo cmecu pu 93 unu 77° K. Tnx NoNe i—16 sBos- 
OyxKFeHue OCyUIeCTBMANOCh pryTHOH mHHHeli y 3650 A, aaa NeNe 17—23— y 3340 A. 
** TouHOCTb ONpemeJIeHHA BeIHUHH U H nAla, D—‘p) coctapaset 10-15%. 


HAM B 2KHIKHX pacTBOpax CBHJeTeJIbCTBYeT O HEOOXOAMMOCTH y4eTAa TAaKOTO posa 
TIpoleccoB B (OTOXMMHYeCKUX PeaKUMAX B RKAAKUX pacTBOpax HW Napax, KOTO- 
pble, Kak ObluIO BHepBbIe moKasaHo A. H. Tepexuupim (4), uacto mpoTeKaioT 
C AKTHBHBIM Y4YaCTHEM TPHIMJIeETHOFO COCTOAHUA pearHpyloulux MovleKyw. C Wpy- 
TOH CTOPOHbI, ITO OOCTOATEJIbCTBO HAMC¥aET TAK2KE BOSMOKHOCTh H3MEHHTb XOL 
(POTOXMMHYeECKOH peaKUHH, HCMOJIbSyA NepeHOC SHEPIHH MO TPHIMJETHBIM YpOB- 
HAM. IlyTem foOaBseHid B paCTBOp NOLXoAAWero BeLlecTBa — akllenTopa 
9HEPrHH MOKHO [e8aKTHBUPOBaTb TPUIMJeTHOe COCTOAHHE pearupyroljeh MouIe- 
KYJIbl, OCTaBUB (blyopectenTHoe. J[1a STOTO HeEOOXOAUMO NOLOOpaThb TYWHTeJD, 
TPHIVIeTHLIM YPOBeHb KOTOpOroO Obl Obl HHXKE, a CPYOPeCIWeHTHHIM BbIIe COOT- 
BETCTBYIOIUX YPOBHeEH POTOXHMMYeECKH AKTHBHOFO BeUleCcTBA. 

B saksOUeHHe A CYHTAIO CBOHM IIPHATHbIM JOJITOM BbIpaSHTb TvlyOOKy10 
O6arowapHocTb Moemy yuuTemo A. H. TepeHuny 3a BHAMAaHHe K JaHHOH paooTe. 


Ilocrynusio 
22 II 1964 


IMTHPOBAHHASA JIMTEPATYPA 


1 A.H.Tep euuu, B. Jl. Epmoaaes, JJAH, 85, 547 (1952). ? B. JI. Epmouga- 
es, A.H. Tepeuunu, C6opx. [amatu C. UW. Bapunopa, M3a. AH CCCP, 1952, crp. 137. 
3 V. Ermolaev, A. Terenin, J. chim, phys., 55, 698 (1958). * B. Jl. EpmMoua aes, 
Tlucceptanua, Doc. ont. uucr., JI., 1958. © B. JI. EpmMoaaes, Ontuka u cnextpockonna”, 6, 
(1959). © © D. Li Dexter, J. Chem.\Phys., 219836 (1953)" a 4 CG. 11) Bras Ho BF 
Muxpoctpyktypa cBeta, Co6p. cou., 2, 1952, crp. 383. 8M. . aa auunu, Juccepta- 
uua, Ous. uncr. um. II. H. Jle6egepa AH CCCP, 1955; Tp. ®u3. uncr. um. II. H. Jle6egena 
AH CCCP, 12,3(1960). ® Th. Férster, Ann. Phys., 2 55 (1948); Fluoreszenz organischer 
Verbindungen, Gottingen, 1951; Discus, Farad. Soc., Ne 27, 7 (14959). 1° F. Perrin,C.R., 
178, 1978 (1924). 1 B. JI. Epmoaaes, K. K. CputTawmesB, Ontuka u cCheKTpocKonHa. 
7, 664 (1959), 2 A Terenin, V. Eamio laevis dnans. Barada Soc 62) 1042i(1956)r 
BH.L. J. Backstrom, K.Sandros, J. Chem. Phys., 23, 2197 (1955); Acta chem. 
Scand., 12, 823 (1958); 14, 48 (1960). 14 A. H. Tepeuun, Acta phys.-chim. URSS, 
nae eee @oToXHMHSA KpacuTedeli H pOACTBEHHEIX OpraHHyeckHx coeguHeHHH, M37. AH 


300 


Woxnrzagn AnagemMun nayr CCCP 
1961. Tom 139, Ne 2 


PHSHK A 
A. H. OCHMOB 


O BEPOATHOCTH TIPEBPAIJEHHA KOJIEBATEJIBHOM SHEPTUN 
KHCJIOPOAA NPM CTOJIKHOBEHHMH C MOJIEKYJIOK 
ABYOKUCH A3OTA 


(ITpedcmaenexo akademuxom M. A. Jleonmoeuuem 15 III 1961) 


B HacTosjee BpeMA OJHUM M3 MepcneKTHBHEMMIMX MeTOOB UCCWIeqOBaHHA 
TpOleccoB OOMeHa SHEP MPH CTOJIKHOBEHHM MOJIeKYJI, HAXOJAWLAXCA Ha BBI- 
COKHX KOJIeOaTeIbHBIX YPOBHAX, ABJIACTCA METOA HMIyJIbCHOrO (boToH3a, pa3- 
paOoTanHbiit Hoppuuom xu cortp. (1-8). B wacTHocTH, B aKCMepHMeHTaXx, H3JI0- 
2KCHHBIX B (*), KOMe6aTebHO BOSOYXECHHbIC MOJIEKYJIbI KUCMOpoha c mpeumy- 
II€CTBEHHBIM pacipesesieHvem Ha 8-M yYpOBHe NOJyuaINCb Ip MMITyJIbCHOM qo- 
TOJM3e JBYOKMCH XJlOpa, a TaKxKe ABYOKHCH a30T@ B IIpHCYTCTBHH GOOJIbILMX 
KOJIHYECTB a30Ta H Apyrux ra3os. I]pon3Bpola H3MepeHHA HHTCHCHBHOCTH MOJIOC 
TIOTJIOMWEHHA KMCIOPORa, COOTBETCTBYIOMIUX 7 = 6, B pa3JIM4HbIe MOMEHTHI Bpe- 
MeHH ocyle mpekpaileHua OO yyeHua, Hopp c coTp. ompeleHH BpeMs T0- 
Jypacnaya saceJieHHOCTH MOJICKYJI KHCOpoya Ha 6-M KOWeOaTeJIbHOM YPOBHe 
UW OWeHHIM ScdeKTHBHOCTh IpeBpalleHHA KOJeOaTeJIbHOrO KBaHTa KHCJIOposa 
IPH CTOJIKHOBeHHH C APyrHMH MOVJIeKyJ1aMhu. 

Teopetuyeckoe paccmMoTpeHve mpoleccoB, MpHBOAAUWMX K Me3aKTHBAaHH 
KOJIeOaTeJIbHO BO3OYKJCHHBIX MOJIEKYJI KHCIOposa, OOpasoBaBlIMxXcA MpH 
‘MMIYJIbCHOM (OTOJIH3e JByOKHCH xXvJiopa, ObIIO MpoBeyqeHo B paboTax (?,°). 
B caygae Re3akTUBalluH KUCOpola, OOpasoBaBllerocaA IIpH MMIYyJIbCHOM (po- 
TOJIH3€ JBYOKHCH a30T@, IJIEMCHTAPHBIH Mpowecc, IPHBOLAWMM K WesaKTHBaNH, 
WM3BeCTeH. OKCNEPHMEHTAaJIbHO YCTAaHOBJIeHO, 4TO BOSOyYKTeHHaA MOJieKywa 
KHCMOpOfa TeEPpAeT CBOIO KOJIeEOATeJIbHY!IO JHEPFiO TIP CTOJIKHOBeHHH C Hepa3- 
JIOKMBUIMMUCA MOJIeKyaMu JByOoKuCH a30Ta. B cBA3M C 9THM BO3HHKACT 3a- 
Waua; UCXOAA M3 SKCIePUMeHTAJbHbIX H3BECTHBIX 3HAYCHHH BPeMeCHH NoJypac- 
maga MOJIeKyJI KHCOpoya, HaXOAAWMxXcH Ha 6-M KOJeOaTeIbHOM YyPOBHe, 
ONpPeMeIHTb BePOATHOCTh MpeBpallleHHA KoseOaTeNbHOM SHEprHu KUCOpoONa 
IPH CTOJIKHOBeHHM C MOJIeKYJIOH MByOKNCH a30Ta. Pelwenuio STOM 3amaun u 
NOCBAMeHAa HacTOAUaA padoTa. 

OKCNePUMeHTAaJIbHbIe JAHHbIe, OTHOCAMMeCA K e3aKTHBalWH KMCJOpoza, 
oOpasoBaBlleroca pH HMIYbCHOM *oTOMM3e ZBYOKHCH asoTa, cleLyroune (*). 
‘CoctaB cmecu, nogBepraBllelica umnyJbcHomy cboTomusy: NOs, (1 mM pr. cT.), 
N, (580 mm prt. ct.). [IpoqomKuTerbHOcTb uMnybca ~ 10 pcek; MaKCHMaJIbHaA 
OA pasOXKMBUIMXCA MOsIeKy BByoKUcH a30Ta 60%; Bpema Nomypaciaza 
3aCeJICHHOCTH MOJIeKY KHCOpofa Ha 6-M KovleOaTebHOM ypoBHe 75 [ACeK; 
MpOM@KYTOK BpeMeHH MexK)iy HayaJIOM MMMyJIbca H HayaJIOM HaOsIOLeHHA 
150 wcek, Temmepatypa KomMHaTHad. B jambueliliem OyZeM CU4HTaTb, 4TO 
Bia 28G5 01. ‘ 

CucTema ypaBHeHu, ONMCbIBaIOWad Mpollecc KoMeOaTeAbHOH pewakcallun 
MovleKya O., Haxofaujuxca Ha 6-mM KosIeOaTeJIbHOM YPOBHE, HMeeT BUY 


a = — LP 5 nXxs, 
oe ZL (Po2Xs — P2,6X7); (1) 
Mts = Z (P2,6%; — Po,sXe)s 


sod 


rye xX, (1) — KOHMWeHTpalua MovieKyJI Oz Ha n-M-ypoBHe; Z — YHCMO CTOKHO- 
BeHHH MOueKyIbI O2 c MoviekysiamMad NOs B ceK. ~Pn, n-1 — BepOATHOCTb Tlepe- 
xoa MONeKyIbl KUCIOposa H3 n-ro KoNeOaTebHOro cocToAHUA B (n — l)-e, 
paccuuTaHHad Ha OHO CTOUIKHOBeHHe, 

Cuctema ypapHeHuli (1) omvcpBaeT Mepexosbl MEY ypOBHAMH, KOTOpbie 
B Tl€pBOM TIpHOJWKeHHH MOXKHO CUMTATh SKBHAMCTAHTHBIMA. B 9TOM culyuae 
JWI OrpenetenHA Pp, n—. MOXKHO BOCMOJb3OBaTbCA MOJeNbIO TAapMOHHYeCKorO 
OclMJIATOpa, T. @. CUHTATb, YTO Py, n—, = NPio. Bemmunna Pio XapakTepHsyeT 
BepOsATHOCTh Mepexoya | > 0 ANH OCHMMIATOpa, KONeOaTebHbIit KBaHT KO- 
TOpOrO paBeH cpeHeMy KONeOaTeIbHOMY KBaHTY MOJIeKyJIbI Oz JWI paccmatT- 
puBaembIx ypoBueli. [Ip nanncanuM cuctempl (1) yuHTbIBAIH MHUIb Mporeccal 
We3aKTHBALHM MoveKyJ Oz, MpomeccaMH BOsbyxeHHA Oz Mp CTOJIKHOBeEHUAX 


npeneOperau. Sto mpeneOpexkenve sIBAAeTCH 3AKOHHBIM. B paccMaTpHBaeMbIXx 

ho . 
YCOBUAX BePOATHOCTL BOsOy2KNeHHA Pn, npr B XP pa —~ 10° pas Menbule 
BEPOSTHOCTH Je3aKTHBAIMH, MOSTOMY B TeYeHHe BpeMeHH MO/lypactaya Mpo- 
lecchl BOS6yKeHHA He OyAyT HrpaTb 3aMeTHYIO POJlb, H MMH MOXKHO Iipene- 
Opeyb. Tlocneqnee o6cTosTebCTBO SHAYHTeEIbHO yMpoulaeT 3aqady, TaK Kak 
MOSBOJIHeT CBeCTH OeCKOHeYHYIO CHCTeEMY YPaBHeHHii, ONHCbIBAaIOULyIO Mpomecc 
KouleOaTebHOli peltakcanHH B OOmemM cIyyae, K 3aMKHYyTOH cHcTeme 3 
ypaBHeHHit, 


Hayanpuple yCIOBHA K ypaBHeHHsaM (1) samHcpiBaioTcA B BHe 


Vn lt 0 = Xn (0), (2) 


re X, (0) qaer pactipeyetenve MoueKyJ KUCIOpOAa NO KoMeOaTebHbIM YPOB-— 


HAM B MOMe€HT OKOHYAHHS HMIyIbca. 
Pacnpeyesenne MovlIeKyuJl Os Ha 6-M KOWIe6aTeJIbHOM YPOBHE B JNOGOi MOMeHT 


BpeMeHH HaxoMTes U3 pewtenua cucTemb! (1) MPH HavabHbIX yesOBUAX (2) 


H UMeeT BH 
Xy (t) = xg (0) 28 (1 — e7*)® eS 4- x, (0) 7 (1 —e7*) et + x, (0) e*, (3) 
me t = tZPio. 


JIia onpewenenust BpeMeHH TMowypacnaga saceeHHOCTH X,_(¢) HeOOXOAHMO 
3HaTb ABHbIT BH x,(0). MockorbkKy B paccMaTpHBaeMoM Culy4ae 3HayeHHe x,,(0) 


HEHSBECTHO, PACCMOTPHM [Ba TPeNeJIbHbIX CJTyYaH: BPeMA PeJIaKCaWHH SHAYH- 


TEMbHO OOUbIUE H BPeMA PEMAKCAILMH SHAYATEIbDHO MCHbIUE MPOMOJMKUTEe/IbHOCTH 
UMIYibca (lO, BpeMeHeM pesakcanuH NMOHMMaeM BeaMUHHy ~ 1/ZP5,5). Onpe- 
JEJIMM SIBHbIL BUX, (0) Jit OOONX CyrydaeB H HalileM COOTBETCTBYIOULHe HM BpeMe- 
Ha Tloslypacnaya. PaccuntTannble TAKHM OOPasoM BpeMeHa Ho/lypacniaga OyAyT 
ONPeLeITh BEPXHIOIO NH HWKHIOIO rpanHnitt Ps5. 


B NepBOM NpeweNbHOM cJIy4¥ae BpPeMA peWAaKCAaMH SHAYATeNbHO OOJIbIIE 


HPOLOJDKHTeJIbHOCTH HMITYJibCa, MOSTOMY 3a BPpeMA HMITyJIbCa paciipeleeHHe 
MOWeK YJ Ov 1O KONeGaTe/IbHbIM YPOBHAM HE H3MeEHHTCH, H B MOMCHT OKOHYARHSA 
HMHYJIbCa MOJEKYJIbl OCTANYTCS Ha TEX YPOBHAX, Ha KOTOPbIX OHH OOpasoBa- 
uch, B  pacemMarpiBaembIX 9KCTepHMeHTAaX BOs6yxXMeHHIE MONIeKYIbI Os 
OOPAsyloTCH MpeHMYeCTBeEHHO Ha 6-M KOMeOaTeIbHOM YpOBHe, MOSTOMY 


Xe |t=o = %g(0); Xn = 0 aun npowx xn. (4) 


Bo BTOpOM NpeebHOM cJlyUae BpeMA PeNaKcalWH SHAYHTeIbHO MeHbIIe 
IPONOJLKUTEMbHOCTH HMILYJIbCa, OSTOMY 3a BPeMS HMMYJIbCa MOJIEKYVIbI YCMeIOT 
epenTH Ha Apyrne KovleOaTebuble ypoBHH. PacnpeqeienHe MOWIeKYyJ MO Kove- 
OATEJIbHbIM YPOBHSM B MOMCHT OKOHYAHHS HMNY/IbCa MOXKHO B STOM CuTyNae Hali- 
TH HS pewenHs CHucTeMbl ypapnennii, OnnebiBaronleli mpouece KoedaTebHOlI 


PeTAKCALMA IPH HAM TOCTOS HHO JelierByrourero HCTOUHHKAa. Sta cHcTeMa 
HMCeT BH : 


yee 
Doe 


: rina Z (Pati, nXati— Pa, ntitn + Pas, nXn—1— Pr, n—1Xn) + Nbns, 
(iT AU NG) ee (5) 


jtae_ N —mowuoctb uctounuka, Pp, ,»_, = nPr. 

M3 mpoctetimux pusuyeckux coobpaxeuuii (°) aCHO, 4TO pellieHHe CUcTeMbI 
(5), OMHcbIBalollee MoBeseHHe cbyHKMHH pactipeyenenua xp (¢) B MOMeHTHI Bpe- 
MeHM, SHANHTEJIbHO MpeBOCXOAlMe BpeMA pe/laKCallMH, JO/OKHO MMeTb BHA 


Fuh) =e ee Te, (6) 
rie x’ — GombumMaHoBcKast (PyHKWUMA, HOPMHpoBaHHad Ha equHMny, a f, — 
|HeusBecTHad (PyHKUMA, KOTOpad cunTaeTCA He 3aBMCsIel OT BpeMeHH. 

Tlogcrapnaa (6) B (5), nonyuaem ya onpenenenua f, aireOpanyeck y1o 
‘|CHcTeMy HeOMHOpOJHEIX ypaBHeHHii, MpwyeM peeve cooTBeTcTByiolleli of- 
|HOpoHOH COMpsKeHHOM CHCTeMbI ypaBHeHHii OpToroHaJbHo mpaBon uwacTu. 
|Pemtenve HeoqHopomHoli cucTembl ypaBHeHHii HaXOUTCA BOLHBIM CYMMHpo- 


1) 6 ha ~ 
BaHweM ypasnenuii. B paccmaTpuBaemom cayuae (exp ip >> 1) pemente 


MMeeT Buy | 
| f= Bye On on = S: (7) 
in = B(8)e-",. n> 8, 

N @@ ho ; i 
\ Bu) ro 5m re Or. hte Oe 


V3 (7) BuaHO, 4TO 
fn es fa, n> 9. 


Tak4M oO6pa30M, BO BTOPOM IIpeye/bHOM cJlyyae 


Xn\p—5 = a mpH n<8 


(8). 


}, 
en ef) npH nS 9. 


Anqutupyad 6o7buManoscKas yacTth HNx'?), rae t: — nposomKuTenbHocTD 
‘MMIlyJIbca, He paCCMaTpuBaeTCA, TaK KaK OHA HeCylleCTBeHHa B Mporecce 
\penakcauuH. 3Haa ABHBIT BUA x, (0) H 9KCIIepHMeHTa/IbHOe BHHMaHHe BpeMeHK 
HOsypacnaya, MOxKHO ollpeseuTb Po. 

B nepBoM mpefembHoM cilyyae (ycoBue (4)) 


3,2-108 
Mer — Pie ee . 


Bo BTopoM mpeyesbHOM calyyae (ycsoBHe (8)) 
25-108 


Pip = 


C mpakTuyecko TOUKH 3peHHA pasHHila MexKly STHMM BeMYHHAaMH He- 
cyulecTBeHHa. CuuTaa, 4TO CeYeHUA CTOJIKHOBCHHA Oz — Ne u One NOs mpH- 
‘MePHO PaBHBI, a JOA pa3O*KMBINUXCA MOJIeKY COCTABACT oe eet 
aia Z penuauny 0,4-10’. Takum o6pa3om, Po,5 = 6 (0,8 — 0,6)- ~ 5- ; 
Tlo ouenkam Hoppuumia (*) P,,; >> 2-10-%. HafijenHoe sHayenve P,,,; M03BO- 
WneT CllelaTb HeKOTOpble BbIBOAbI O MeXaHH3Me MpeBpallleHHa KOJIeOaTeJIbHOTO 
| ea, TpH BOSMOXKHbIX MeXaHH3Ma TipeBpallleHua KoueOaTeJbHOH 
‘BHEprHU MIpH CTOKHOBeHHM MOJeKy Oa 4 NOs: afMadaTuyeckuit nepeean 
(komeOaTenbHoh sHeprHH Oz B MOCTyMaTe/bHy!0, KOTOPbIH MpOKCXOAMT ¥ 
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yYaCTHA SJIEKTPOHHBIX OOO0UeK HaJIeTAIOWIMX MOJIeKyJ1; HeaqNaOaTHUeECKH 
lepexof, KoJleOaTeIbHOH 9HEPrHH Oz B OCTyMaTeIbHy10; aqMaOaTHyecKH Tepe 
XO, KOMeOaTeIbHOM SHeprHuH Os B KOJe6aTebHy!I0 9HeprHio NOz. BeposTuoctTp 
P..; B MepBOM Ipolecce IpHMepHO paBHa BepOATHOCTH aHasOrHyHOro Iporecc 
TIpH CTOJKHOBeEHHH MoJeKyJ Oz u Ne H cocTaBsseT BeHUHHY Nopsgka 10-° (?). 
TIist oueHKH BeponTHocTH P,,, Tip HeaflWHaOaTHYeCcKOM Mepexoye 3HeEpru 
MOXKHO BOCIOJIb3OBaTbCA H3BECTHDIMH 3HAYeEHHAMH BeposTHOCTH Aaa NO (7, °). 
B stom cayyae Py, ~ 10-3. Onenka BeponTHocTu P,; WIA TpeTbero Mporecca 
jaeT BemuunHy ~ 10-?. 

TakuM 06pa30M, BO3MOXKHBIMH TpolleccaMM lipeBpalleHia Ko/eOaTeIbHOH 
3HeprHH Oz pH CTOAKHOBeHHH Cc MOJIeKysOH NO2 aBasioTcH HeaqHaOaTHyecKHh 
Mepexol, KOJle6aTesIbHOH 2HeprHH Oz B NMocTyNaTeJbHyio WH afMadaTH4ecKH 
oOOMeH KOseOaTeJIbHbIMH KBAHTaMH MexKy O2 H NOs. Brl6op Mexyy JByMA yKa- 
3AHHbIMH IIpOleCCaMH MO?KHO OCYLIECTBHTb, eCJIH HcCJleqOBaTb TeMIepaTy pHyI0 
3aBucumoctb P,,;. B mnepBom cayyae InP,;~—1/T, a Bo BTOpoM 
In Pgs ~ — WT. 

B 3akmoyeHHe aBTOp BbIpakaeT rtyOokyio 6marogapHocTb M. A. Jleox- 
Ttopuyy H E. B. Crynouenko 3a WeHHble 3aMeyaHHa. 


MockoBcKHH TocyapcTBeHHbIH YHHBepCHTeT Tloctynusio 
uM. M. B, Jlomonocosa ve MWY GTS 


HWHMTHPOBAHHAS JIATEPATYPA 


1B. H. Kougapatebpes, Kuvetuka XHMHueCKHX Tra30BbIxX peakuui, M3g. AH CCCP, 
1958. *? A. e220 Hn, Cnextpockonusa naamen, WJI,1959. * F.Lipskomb,R.Nor- 
i . Thrush, Proc. Roy. Soc.,A 238, 455 (4956). * K. E-Shuler, J. Phys. Chem.,| 
61, 849 (1957). *® A.W. Ocunos, Joxa. wa XII Kond. no cnextpocxonun, JI., 1960.| 
eu ko, JIAH, 67, 447 (1949). * F. Robben, J. Chem. Phys., 
E. E. Hua kuTH4H, OntTHka H cnekTpockonus, 9, 16 (1960). 


=| 
(6 
on 


Ps. Gy 
31, 420 (1959). 
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PHSHKA 


A. T. CAMOHWJIOBHY, H. A. KOPEHBJIMT u WH. B. JAXOBCKHH 


AHH30TPONMHOE PACCESHHE IJIEKTPOHOB 
HA HOHH3HPOBAHHbIX TIPHMECSX 


(ITpedcmaeaexno axademuxom A. A. Jle6edceum 10 IIT 1961) 


AHM30TPONHNA pacceHtHHA QIEKTPOHOB Ha HOHH3MPOBaHHbIX. NpHMeCHX MO- 
teT ObITb OOYCOBNeEHA AHH3OTPONHeH ZHEPeTHYECKOrO CNEKTPa ZIEKTPOHOB H 
HH30TponveH Camoro paccenBatoulero moTeHiHaa. TloceqHee umMeeT mecTo 
/HeKyOMyecKHX KPHCTaaX, B KOTOPbIX AHH3OTPOMHA AM3IeKTPHYeCKaA I0- 
roadHHaa. Mbt OYKeM CYHTATh NHSTEKTPHYECK 10 NOCTOAHHYIO CKaJIAPHOH. 
OoOujeHHe Ha cJyuali TEHSOPHOH AMSJeKTPHYECKON MOCTOAHHOH HE BbISbIBaeT 
PHHUMNMAaIbHbIX TPyAHocTeH. 

Jlanbuetme mpeqnooxKeHHA COCTOAT B CJIERYIOILeM: 

1. QuepreruyecknHH cneKTp 3/IEKTPOHOB HMeeT BHA 


3 
e= yi — Ou = ts, Ts 7711, ] 
S | (1) 


’ 


2. QeKTPOHbI HaxXOAATCH B Ca6OM S/IeKTpHYecKOM Mose. MarHuTHoe nose 
TCyTCTBYeT. 
TlorenijHadl MpHMecHoro HOHH3HpOBaHHOrO IWeHTpa HMeeT BHI 


e2 
= LW a 
iia ise (2) 
Ne €0 — 3apxA_ 2eKTpOHa, % — AHOMeKTpMyeCKad NMOCTOAHHAA KPHCTama, 
— payavyc 9KpaHHpoBKH. 
B 6opHOBCKOM NpHOIMKeHHH JIA MATPHYHOFO 2/IeMeHTa Mepexoga NoyyuM 


Ame? 


0 A 
Vike = PE Te (3) 


_B qambuetuiem yqo6Ho O6yyeT MOMb30BaTbCA «esPOpMHPOBaHHbIMH» Koop- 
aHaTaMu. 


h 
) STB 4 
Bi V 2mz 4 ( ) 


Hampapuienne BeKTOpa E B ciepHueckoli CHCTeMe KOOPAMHAT C NOJApHOH 
2biO, HaNpaBIeEHHOH BAOb OCH BpallleHHA IJIMHMCOMAa NOCTOAHHON SHeEpruy, 
bl Oynem XapakTepH3oBaTb yruiaMH to H qo, a HallpaBeHHe BeKTOpa 

Bie 2 EB —yraamu 0 ug. Torga AIA BepOATHOCTH paccesHHA S/leKTpoHa 

tak! Ha N WoHH3MpoBaHHEIX pHMecaxX MosyanM H3 (3) 


N meefns 


6 (ek — ex’); 5 
2e2me2n2 (cos 9 pos * sin? 7) éoet 0 ee 2) (€k E’) (9) 


Mate == 
[ 3 
7* 355 


~_ 


3jlecb 1 — 20 — yrom pacceaHHa (yroul Mexay 2 Hoe) 
Nek Nl telom (roe (6) 


IIpu tm = ms (5) NepexoqUT B H3BeCTHOe BbIParKeHHe VIA BePOATHOCTH H30- 
TponmHoro pacces HHA. 
Mobi paccuutaH BeMunHY Y? Juin Ge u Si B 3aBHCHMOCTH OT TeMMepaTypH 
H 4HCJI€a HOHH3HpOBaHHbIX MpuMeceli. Paquyc SKpaHHPOBKH a paccyuHTHIBasica 
no dopmyvie (*) 
_, LO"! (2nkT) . | 
emery S(T (7) 


HHMaTb Maccy IJloTHOCTH cocToAHHH. IIpwBeqeHHbld XMMHYeCKHH MOTeHUMat 
paccuHTbIBaJICA AHaJIHTHYeCKH 0 *bopMyJlaM, yKa3aHHbIM B (*), 9HeprHuA 
3aMeHaJIacb Ha RT. Oxa3asiocb, UTO B OOaCTH TeMiepatyp 5° K S T < 1007 
H MIpH usMeHeHuu NB upegenax 10“@ << N < 10” BelHUHHa Ve ue T0- 2 18 
OCHOBHOM 7 10-°. Tonbko Aaa Si npu T< ci Ky? craHoBuTcs ropa3yc 
menbine (< 10-}°). ve (9) ACHO, UTO TIpM MaJIbIX y” BeIHKa pOJIb AHM3OTPOMHOr 


eularaeMoro (cos? i) oO > sit? 8) cos? 0, H, CJeJOBaTeIbHO, aHH30Tponua pac: 


TeAHHA MOXKET ObITb ‘Conmten 
SanwllieM KHHeETHYeCKOe ypaBHeHHe B BHJe: 


Dri? + >) Wise (nie — my) = 0. (8) 
< 


3yecb ny, — HepaBHoBecHand JoOaBKa K dbyHKWMM pacnpenenenua; ni? — pas- 


HOBeCHad (yHKWHA paciipeweeHHus, Dn\? — caoOogupiii ue KMHeTHYeCKOrG 
YPpaBHeHHA, HMerollHyH BUT 


n an{0) 3 1 
( €y ON eg 

De ee OF 

i 


me E — Buellnee 3ekTpHyecKoe Mowe. 
Pa3sJIOKHM nk B pA No ciepHuecKHM (yHKUHAM Ym (Ooo): 


Nn == > AG () Kun (OoPo). -(10} 
lm ! ! 


Peiienwe ypaBHenus (8) Mover ObiITb CBeeHO K pellleHuio AByXx OecKoHeu4 
MbiX CHCTeM asIreOpanuecKHX ypaBHeHHH OTHOCHTeIbHO Xjm: 


De) Gps =D Or (1D) 
Ll i) 


wm = 0, |, —l; ku / neveTuple; 3yecb 


ani 
Di ak ey steals (Eyese 1B): 


3m 


. Sie OM’ 
DE a —D,, Do = — ye Teter 


Koadpunventst B;, (m7) onpelessioTcA BepoxATHOCTbIO paccesHua W, 
M 3aBHCAT, CleAOBaTebHO, OT HapaMeTposB y” H 71/ms. OHM OOsaatoT Cileqy1o) 
MMMM CBOHCTBAMH CHMMeTpHH: 


Buz (m) = By, (m), Bri (m) = Bar (— m. (13 
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TlockopKy HepaBHoBecHad JoOaBKa K (pyHKWMH paciipeyeveHuaA HaM Hy KHa 
Ii BbIYUCJICEHHA MOTOKOB, KOMMOHEHTHI KOTOPbIX MpOMNOpWMOHAIbHbI ccbepH- 
4eCKHM (pyHKUMAM NepBoro NopsyKa, HaM JocTaTouHO M3 cHcTempr (11) ompe- 
qenutb Xm. IIpopeyennpii HaMM pacueT NoKasas, 4YTO KosppulMenHTH! Bz, (m) 
fipH He OYeHb OowbWuX k uM 1 pacTyT Cc pocToM [k —1|. Tem He Menee Xim 
M|MOXKHO C GOOJIbIIOH TOUHOCTHIO ONpPeeIMTb TObKO H3 MepBbIX JByX ypaBHennll 
cuctemp! (11), mono*xuB X;, =O mpu / > 2. BBoga o6o3HayeHne 


B (m) 


Pion) potent 14) 
By, (m) Bss (m) — in (m) ’ ( ) 


Sn 


Mbl TlovlyuaeM Tellepb JIA Xm 


a 15) 
Nance Bis ea 5 + 2m) ( ¥ 
CpaBHuBad dyHKUMio pacipeyesenna g 
G3 b-— Ge 
Lk — yy oa! ain (BoPo), (16) { 02 ( 
a & Jo Si 
cbakTW4eCKH OMpeJeNAIOWyIO BbIYMCJIAeMbIe HaMH Qi % 
NOTOKH, C H3BeCTHbIM BbIpaxkKeHHeM 0 
é ee) 5. 6 
; any = 3 lg ye ae 
mh = — > 0 Sd} WUE, 1(17) 
i=1 Puc. 1 


NOJY4YHM JVI KOMIIOHEHT TEH3O0Pa BPeCMeCHH peJlaKCallHu T; 


So] 


BSy=_ p(ltH, t=n=T=_ pl +e). (9 


Bce koaddunventTst By; (mm), Bxoqauue B (18), MoryT ObITb TOUHO BHIUHCJeHEI. 

Ha pHc. 1 npuBemeHbI rpapuKH BeMYHH go M gi KaK *yHKun y? qua Ge 
u Si npn vy? < 10-*. H3 rpaduKos BuO, 4TO go U £1 BeCbMa c1a60 3aBHCAT 
oT y*®. OHH Me[JIeHHO YMeHbUIAIOTCA C yBesMeHHEM y’, T. @. C yMeHbIeHHeM 
anvsoTponuu. IIpu y? < 10-* ana Ge mw mo6nix y? gaa Si gg» BHOCAT AMUIb 
HeOOJIbLIyIO MOMpaBKy B BLIpaxKeHHA AIA T;. 

OrpaHvuMBIINcb TIpH BHMMCeHHu Bu (m) unenamu ~ y* (Torma cdbopmMysE 
nua Bu (m) OynyT cupapeqiusEr upu y? < 107?) u BBogA o6o3HayeHHe: 


lemme (19) 


My 
NOJLYYHM 
3nNeg V 2ims 4 B 
Bremen Ce Bee re 


—2 are tg B In (1 +B) +42 (aretg 6) +(1 +B%)[arcte B + 7°? ha}; (20) 


Bit (0) 


4nNes V 2i3 99 t 
at Seat Aes — Vives 
50)( 0 reer {(@* — 1) are tg 6 +B) In 
— 26 are tg B — (B? — 1) arc tgB In (1 +f*) +2 (6° —1)L (are tg B) + 
ns “ae | (3p? — l)arctgB ad } : (21) 


3necb L (t) — bynxuua Jlo6ayesckoro, Ta6yupoBannad B (°). 
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SaBHCHMOCTb Ty H T, OT SHEP OllpeseaneTCA B OCHOBHOM (baKTOpOM 
e’?, BXOJALLUM B Bis (m). Kpome Toro, Ha 3€BHCHMOCTb BpeMeHH pewlakcallHH 
OT 9HEPrHl BUIMAeT elle MHOXKHTeIb B CPUrypHbIX CKOOKAaX B B11 (M1) HU Ym. To- 
culeqHHe (baKTOPbI HECKOJbKO OCMAOMAIOT 3ABHCHMOCTD T; OT 9HeprHuu. Ha puc. 2) 
MOKa3aHa 3aBHCHMOCTb OTHOIWeHHA T/T, OT lg y~? ana Ge u Si, a Ha puc. 3— 
3A4BHCHMOCTb 3TOFO OTHOIMeHHA OT my /m kIIpH pasiMdHbEIXx y*. [pH cromb Ma- 
jbix y*, YTO B BbIpankenuax (20) wu (21) aa Bi (m) uw B MOMOOHHIX BEIPaxKeHHAX 
WIA Qm MOXKHO COXPaHHTb TObKO wien c In y~?, t/t, = 11,4 gaa Ge u 3,8 


5m 


10 
8 
6 
+ 
a 
w 4 
2 
0 « 
2 3 4 i. 6 A ws 8 fe Red 
lg ye peo My [TT —> 
Puce. 2 Puc. 3 


qua Si. OTH 3HaveHHA BeCbMa OJIM3KM K 3HaYeHHAM T)/T,, BBIYHCJICHHBIM X9- 
MoM (*). EculH *Ke TIpH BBIMHCJIeHHH T/T, JIA yKa3aHHbIx Yy OTOPOCHTb Qin, 
To nomyunten t/t, = 12 ana Ge uw 3,9 ana Si, uTo copnamaeT C pe3yJIbTATOM | 
X9Ma. X9M IIPOBOAMJ pacueT B MpeMOJIOXKeHHH, 4YTO CYINeCTBEHHO paccesHHe 
TOJIbKO Ha MaJIbl€ YrJibl. ITO KaK pa3 COOTBETCTBYET CTO/b MaJIbIM Y*, YTO WICH 
c lg y-? ABJIMeTCH OCHOBHBIM B BbIPaKeHHH JIA tT; (YEH, COOTBETCTBYIOWHH 
2m, XM, BHHMO, He yUHTbIBal). M3 npHBeqeHHbIX JaHHbIX ACHO, 4TO pesyVIb- 
TaT X9Ma CIpaBelIHB TOJbKO MpH BecbMa MaJbIx y? (~ 10-14 — 10-1), ko- 
TOpble MpaKTHYeCKH B MOJYNpOBOZHUKaX He OCYIIeCTBJIAIOTCH. 

B 3aksoueHHe OTMeTHM cCyJleyrolllee cyllecTBeHHOe oO6cToaTembcTBO. 3 
Toro dakTa, 4TO Bg; (m) pH HeOombumMx k u / pactyT c yBennuenuem |k — /|, 
cileqyeT, 4TO axKe B TOM Culydae, Korgag B (15) MoxkHO OTOpOCHTD, WIeH CTOJK- 
HOBeHHH B (8) He MOXKeT ObITb OOLITHBIM OOpa30M BbIPaKeH Yepe3 KOMMOHEHTHI 
TeH30pa BpeMeHH pedakcauHH (18). TlostTomy Np BLIYHCeHHH pa3JIHUHBIX 9cp- 
@eKTOB B MarHHTHOM Movie KHHETHYeCKOe ypaBHeHHe CJleqyeT, BOOOUe TOBOpsA, 
CHOBa CBeCTH K CHcTeMe Tua (13) H HaHTH U3 Hee Xy. 


HucrutyT moJlynpoBoqHHKoB Toctynuio 
AkajlemHH Hayk CCCP tt 4961 


IHTHPOBAHHAA JIMTEPATYPA 


1R. B. Dingle, Phil. Mag., 46, 379, 831 (1955). 2A. T. Camotaosuy, 
JI. JI. Kopen6aut, Yen. dus. Hayx, 57, 4, 577 (1955). *H.M. Pu xuk, 
MW. C. lpagmtreiu, Ta6anust nyterpasos, cymM, paqoB H mpousBezenut, M.—JI., 1951. 
*F. Ham, Phys. Rev., 100, 4, 1251 (1955). 
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TEXHHYECKAMH PH3HKA 
B. H. JIAXTMAH, JI. C. BPIOXAHOBA u H. A. AHJPEEBA 


O JJIMTEJIBHOH MPOUHOCTH METAJIJIOB 
(IIpedcmasaexo axademuxom IT. A. Pe6uxdepom 15 II] 1961) 


PaOoTaMH HallleH a0OpaTOpHu U3syYeHbI OCHOBHbI€C 3€KOHOMEPHOCTH BJIKA- 
HHA TMOBeEPXHOCTHOAKTHBHBIX MeTAIJIHYeCKHX pacmaBOB Ha MeXaHH4yecKHe 
cBolcTBa Goslee TyromMaBKUX MeTaN0B. Ha MOHOKpHCcTaqax WHHKa, KaqMuA 
M OJIOBa HaMH ObWIO MOKa3aHO, 4TO 3d:eKT pe3KOH MOTepH MpOUHOCTH HU Ma- 
CTHYHOCTH, BOSHHKAIOMH Nol JeHCTBHeM TOHKOHM MJI€HKH paciwiaBa B yCOBHAX 
pacTAKeHHA C MOCTOAHHOM CKOpOCTbIO AeopMallHH,, He CBA3AH HH C HaJHUveM 
TpaHHll MexKLy 3epHaMH, HAC paCcTBOpeHHeM TyroMmaBKOrO MeTa1a B paciiaBe 


uo 
4 
83 - 
6 Sag 
= ao 
=, Pay: Ae 
Z e) 
, 20 
seeps = es 
8 Pi} G xl is? 


Puc, 1. 3aBHCHMOCTb JO/ITOBeYHOCTH MOHOKPHCTAaJIJIOB IWHHKa pasJIH4HOH 
HCXOJHOH OPHeHTAalHH XY, OT HaNpAKeHHA pH 20°. 


(OHO HHYTOXKHO Malo), HH C XHMHYCCKHM B3aMMOseliCTBHeM paciiaBa C OCHOB- 
HbIM MeTAJIJIOM, KOTOPOe COMpoBoOxKaoch Obl OOpas0BaHHeM HHTepMeTAaJWIH- 
yecKHX coemuHeHHi (17°). 

_ Mexanu3m storo addektTa 3ak104aeTCH B SHAYHTEIbHOM ajCOpOlWHOHHOM 
‘CHWKECHHH MOBEPXHOCTHOM 3HEPruu TyromaBKOro MeTaia (s@pekT Pedunepa) 
‘Kak Ha efO BHELIHel MOBEPXHOCTH, TaK, H 9TO OCOOCHHO CYLIeECTBeHHO, Ha BHY- 
TPCHHUX MOBEPXHOCTAX 3aPOMDILIeBbIX TPeU[MH, BOSHHKAIOIAX HM pa3BHBalo- 
MUXCA B Mmpotlecce miacTHyecKOH edopMalluy. 

B pa6otax C. H. )Kypxosa c cotp. (°~*) ObWIo 1OKa3saHO, 4TO pomecc 
pa3pylleHHA TBEPALIX TeJI ABJIACTCH TeEPMHYeECKH AKTHBHPYeMbIM TIpOLeccom 4, 
CI@OBATEbHO, 3ABHCHT OT BpeMeHH JelcTBHA HampsxKeHHA. Uem DMTebHee 
3TO BpeMA, TeM IPH MeHbIIeM HalIpAKeHHH MpOH3OHAeT paspylienve Tewa, 
TIPH4eM SHEPIHA aKTHBAILHM Mpollecca paspyWIeHHA IPH SKCTPanoAWHA Ha 
HYJeBOe HalpPAKeHHE ABJIACTCAH KOHCTAHTOH JaHHOrO MaTepHawa. ie] 

B cBa3H C 3THM OouIbIOH HHTepec MpelcTaB/IAeT USyYeHHe IVIMTebHOL 
MIPOYHOCTH MeTAaIIOB B MOBepXHOCTHOAKTHBHBIX MeTAJIJIMYeCKUX paciwlaBax. 
‘MoxxHo Obl10 MpeqnonaratTh, YTO UCCMeOBAaHHe 3aBMCMMOCTH KUHETHKH pa3- 
_pyulenns MeTaJJla OT HalpsAxKeHHA HM TeMMepaTYpbl B MpHCyTCTBHH aKTHBHOrO 
| 
| 359 


P} 
s 


| 


pacilaBa JaCT BOSMOXKHOCTb OWCHHTb POJIb TEPMHYeECKOH AKTMBAILHH B 3ITHX 
HOBBIX YCJIOBHAX Pa3PyWICHHA, XapaKTePH3yIOULMXCA SHAUMTeJIbHbIM CHHKe- 
HHEM TIOBEPXHOCTHOH SHEPrHH B pesyJIbTATe acopOUMH aTOMOB pacnwaBa Ha 
BHOBb Pa3BHBAaIOWMXCA MOBEPXHOCTAX TPelHH. 

B KauecTBe OObEKTOB MCCEAOBAHHA ObIIM BbIOpaHbl MOHOKPHCTaIbl WHHKA 
Pa3IM4HOM OPHeHTalMu, a TakyKe MOMMKPUuCTaIMYeCKHH WHHK HU Kaymul. O6- 
Pasilbl TOTOBUJIMCh B BUC MPpOBOMOK AMameTpom | mM u AaMHOH 10 mm. Topepx- 
HOCTHOAKTHBHBIM paciilaBOM JIA WHHKa CJlyKNa TOHKaA WIeHKa pTyTH (Tou- 
IWMHOIO 5 MW), HAHOCHMaA Ha WHHK KOHT@KTHBIM MeTOJOM H3 pacTBOpa a30THO- 
KHCJIOH (OKHCHOHM) pTyTH. IloBpepxHocTHOaKTHBHbIM pacnaBOM JA KalMHA 
CIyKa MWleHKa rasa (TOnmMHOIO 5), HAHOCHMaA 3JIeEKTPOMTHUeCKH H3 
Ule@IOYHOTO PpacTBOpa xJIOpucTOrO ras. , 

Ha puc. | mpezctapsiena 3aBuCHMOCTb BpeMeHH JO paspylwleHuA OT HanpsKe- 
HHA (pacCuUHTaHHOTO Ha Ha¥aJIbHOe CeyeHMe) JIA MOHOKPHCTaI0B WHHKa pas3- 

KNan/mone JMUHOH OpHeHTalHH. Syecb OGHapy- 
2KUBAeCTCA ABHAA 3aBMCHMOCTb JWJIH- 
Te@JIbHOH IIpOUHOCTH OT OPHeHTallHH 
TJIOCKOCTH O6a3Hca OTHOCHTEIbHO OCH 
ooOpasila — yruia y,. OmHako, eciiH 
Bce MOJIYYeHHbIe HAMM JaHHble IA 
MOHOKPHCTAJJIOB WHHKAa pa3JIM4HbIx 
OpHeHTalHh WH Np pa3sHUHbIX TeM- 
mepaTypax CBecTH Ha OJMH rpaduk 
3aBucHmocTH U = U(P), To pecb Beep 
OJMHOUHBIX KPHBbIX, COOTBETCTBYIO- 
IHX Pa3JIHUHbIM OPHeHTalHvAM KpV- 
CTaJJIOB, CXOAHTCH B OMHOH TOUKe 
Ha OCH opauHatT (puc. 2). 

0 F 2 3 RT /MM? Suauenne U, = 35 xKxkau/Momb, 

ao MoJlyuaeMoe U3 STOO TpaduKa, yOB- 

Puc 2. 3aBHCHMOCTb 3HeEprHH aKTHBauH Mmpo- JI€TBOPHTeIbHO CordacyeTcA C MaH- 

wecca paspylleHHA OT HampsxKeHuaA Qa MOoHO- HbIMH APYrHX aBTOPOB (7, )): (CID y Re 

KpHcTa/WIOB WHHKa TYPHbIM dakTOop Y B ypaBHeHHH 

C.H. )Kypxosa U = Uo — yP B03- 

pacTaeT c yBeHYeHHeM yrvia YX , YTO CBA3aAHO C KpHcTalorpapwueckKHMu 

oco6e€HHOCTAMH Mpoecca paspylieHHA, Mpoucxosamero Mo TpaHH MpH3Mbl 
I pola nocae Oosee HIM MeHee 3HAUHTeIbHOM WwacTH4YeCKOH JedopmMalun. 

Ha MoHokpucTaJiiax WHHKa HaM He yaJlocb OOHAPYyKHTb B CKOJIbKO-HUOyAb 
SHAUMTeJIbDHOM TeEMIepaTyPHOM HHTepBaJle 3ABHCHMOCTb BPeMeHH flO paspylleHua 
OT HallpaAxKeHHA B MPHCYTCTBHM TOHKOM WieHKH pTyTH. MoHOKpHCTasIbI B STHX 
yCJIOBHAX JIMOO PBaslicb IpakTH4YeCKH MrHOBeHHO y2Ke pH OUCHb HH3KHX Ha- 
IIPAKeHHAX, MMOO TIpH elle MeHbINMX HallpxxKeHHAX HAaxOMMJIMCb NOX Harpys3- 
KOH CKOJIb yroqHO ovro. 

Ilepexo, OT MrHOBeHHOTO pa3pbiBa K MpakTWuecKH OecKOHeYHOM CTOMKOCTU 
MOHOKPHCTaJJIOB COBepitiaeTcA B CTOJIb Y3KOM HHTepBalle HallpsKeHUH, 4TO 
BHYTPH 9TOTO HHTepBasla He yaeTCA CHATb MPOMeXKYTOUHbIe 3HaveHHA Jovro- 
BeuHOCTH. 

B CBA3H C STHM HaMV OblWIM UCCe€OBaHbI NOJMKPHCTalMyecKue OOpasiibl 
WHHKa H KaMUA, MOKPBITbIe COOTBETCTBEHHO TJIeHKaMH pTyTH HW Yasuda. Ha 
puc. 3 u 4 npuBeeHbl JaHHble O BPEMCHHOM 3aBHCHMOCTH MpOuHOCTH aMaJIbra- 
MHMPOBaHHOTO WMHKa H FaJWwiMpoBaHHoro Kaymud. M3 sTux aHHbIX BHHO, 4TO 
H WIA MOJMKPHCTaJIMYeCKHX OOpasoB HaOOaeTCA Ta 2Ke 3aKOHOMePHOCTb: 
rpa@vK 3aBHCHMOCTH BpeMeHH JO paspyIeCHHA OT HallpsxKeHHA B IIpHCyTCTBUN 
NOBEPXHOCTHOAKTHBHOrO paciaBa OOHApyKUBaeT KpyTOH Nepesiom B OGsacTH 
MaJIbIX HallpaxKeHHM HW pPe3KO, NOYTH MapaswIebHO OCH BpeMeH, OMycKaeTca 
BHH3, T. €. BPEMA KH3HH OOPA3OB NOM Harpy3KOH B UpesBLIMaHHO y3KOM HHTep- 
Bale HallpaAxKeHHM MalaeT OT CpaBHHTeJIbHO BLICOKUX 3HAYeHMHM (MeCATKH 4acOB 
H CYTKH) JO CeKYH], HIM axe Jone cexyHapl. JLo Toro Kak JOCTHrHYT 9TOT HH- 
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fepBal HallpsKeHHM (CO CTOPOHbI MasbIX HanpsxKeHi), rpaduKu lgt = f (P) 
IpaKTHYeCKH OKA3bIBAIOTCH OJMHAKOBbIMH KaK JIA UHCTHIX MeTAaJIOB, TaK 
4 ANA MeTAaJJIOB, NOKPbITHIX TOHKOH MWICHKOH aKTMBHOTO paciviaBa. Ouenka 
JHEPrHH AKTUBAIIMM Npollecca paspylieHHA WHHKa HM KAMA B MpHCyTCTBHH 
AKTMBHOTO pacilaBa MO pesKO ClajlaioujemMy yuacTky KpuBoi lg + = [(P) 
qaeT Hepa3yMHO BbICOKMe 3HayeHHA AIA BeMYMHEIE Uo: Uo(Zn — Hg) = 
+350 KkaJ/Moub wu Uo(Cd—Ga) ~ 150 xKan/Momb, Tora Kak BenuanHa Us 
WIA UMCTHIX MOMMKPHCTaJIM4YeCKUX WHHKAa MK KAMA COCTaBJIAeT B HaLIMX OMbI- 
fax COOTBeTCTBEHHO 29 u 28 KKas/Moub. OTcioya celyet, uTo oMMIMpuyecKkoe 
ypaBHeHHe T = T exp ae | B OOaCTH HalpsAxKeHH, COOTBETCTBYIOILUX 
KpyTo cnafaiome BeTBH rpaduKka lg t = f(P), nosBnsionjelica B mpucyT- 
°TBHH AKTHBHOMO paciiJiaBa, TepsxeT PH3HYeCKHH CMBICJ. 


72 
70 ile 
4 8 7h 
if ! 
a S3P 
p 4 Tole 


0 tae? Kj } 4 5 Kl /ume 0 2 4 : Pp eu 10k mm? 
Puc. 3. 3aBHCHMOCTh JOJTOBeYHOCTH NOMHKpH- Puc. 4. SaBvcHmMocTb OJITOBedYHOCTH 
*TaIIMYeCKOrO WHHKa OT HanpsAxKeHHa. J, 2 — MOJIMKpHCTaJIHYeCKOTO KaMHA OT Ha- 
deaMaJIbraMHpOBaHHble OOpasiibl; 3, 4— aMaJlb- npsxKkenua: 1, 2, 3 — kayMHi Oe3 MOKpEI- 
TaMHpoBaHHble oO6pasun; 1 u 3 —upH 20°, Tua (/ —mpu 20°, 2—npu 50°, 3 — 

2 u 4—npu 100° pH 100°); 4 — rannupoBaHHbi KayqmMHui 
nmpxH 100° : 


IIpomece pa3pyuwieHuA MeTaJiIa B NOBepXHOCTHOAKTHBHOM paciviape, HauH- 
Haa C HEKOTOPOrO KPUTHYECKO"LO HallpAXKeCHUA, OKASHIBAeTCA CWIa6O CBASAHHbIM 
& TepMHYeCKON aKTHBalueH. Tak Kak IIpH OYEHb MAJIBIX HaNpAKeHHAX rpacduk 
lg t = f (P) B mpucyTcTBHM paciimaBa WpakTMyecKH CoBnayaeT c rpaduKom 
WWIHX UHCTOTO MeTAaJIa, TO MCXAHH3M paspylIeHHA B STOH OOMAaCTH HanpsAxKeHHH 
OJMH HM TOT Ke Kak C paciwaBoM, Tak HM 6e3 Hero H OllpeseineTCA TepMHyeCKOH 
‘aKTHBallMeH Mpolecca paspyuienus. Ho Kak TOJIbKO IIPHJIOMKeHHOe HAllpAKeHHE 
(OcTUraeT HEKOTOPOrO KPHTHYECKOTO 3HAYeHHA, COOTBETCTBYIOUIErO XPYKoli 
pOuHOCTH MeTaJIa, MOKPbITOTO TOHKOM MJIeHKOM AKTHBHOFO paciaBa (CHJIbHO 
MOHWXKEHHOH B pe3yIbTaTe ay[cOopOWHH aTOMOB pacmiaBa Ha Pa3BHBaIOWMXCcA 
B mpotecce ZeopMaluuH MMKpOTpelllMHax pa3pyWieHHA), TaK HeMeJJIeEHHO Ha- 
QuHaeTCA OBICTPbI POCT HaHOoslee ONACHOH TPeLWIMHbI, OecpenATCTBEHHO Mpo- 
pacTaiomeh uepes Bce ceyeHne oOpa3ila. KuneTuKa SsToro mpolecca pocta Tpe- 
TMHHbI WeHKOM OlpeesIAeTCH CKOPOCTbIO MOBeEPXHOCTHOH MHIpallMH aTOMOB 
AKTHBHOTO paciaBa B 30HY paspyllieHHA (O6bITHO BeCbMa BBICOKOM) HM y2Ke He 
‘CBA3aHa C TEPMHYeCKON AKTUBAallHeH Mpolecca paspyWienun. CeqyeT OTMeETHTh, 
YTO IPH PacTAXKeHHH C MOCTOAHHOM CKOPOCTbIO JeopMallHH aMaJIbraMHpOBaH- 
HbIX OOpasiloB WHHKa pa3pyulenve HacTyNaeT pH HanpsxKeHuu | KI/MM?, 
YTO KaK pa3 COOTBETCTBYeT TOUKe Mepesioma Ha rpaduke lg t = f[ (P) B ompirax 
Ha CTaTHUeCKy10 ycTaylocTb. To Ke CaMOe HMeeT MECTO H JIA PaJJIMpOBaHHOTO 
kagmua. Peskuli nepeioM Ha yKa3aHHOM rpaduke B NpHCyTCTBHM TOHKOH IJIeH- 
KM paciwlaBa CBA3aH C MepexOJOM OT OJHOFO M€XaHH3Ma PaspylIeHHA, B OCHOBE 
KOTOPOTO sle%KaT TEPMHYeCKH AKTHBHPyeMble IpOleccbl, K APyroMy, B OCHOBe 
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KOTOPOrO JI@KUT 3HAYHTEIbHOe MOHHXKCHHE MOBEPXHOCTHOH SHEPIHH B IIpH 
CYTCTBHH aKTHBHOTO pacmviaBa. BtTopoli MexaHH3M BCTyMaeT B CTPOH JIHLIb 
mocie JOCTHKeHUA ONpeeseHHOrO YPOBHA HalpHAxKeHHH, COOTBETCTBYIOUIHX 
XPYNKOH MpO¥HOCTH MeTAaJIJIa, CHJIbHO MOHW2KCHHOM B MIPHCyTCTBHH axrupHoro 


pacmaBa. 
B 3akm104eHHe ABTOPbI BbIPaxKaloT OarogapHoctTs E. JT. Ilykuny uJI. A. Ko 


YaHOBOH 3a yuacTHe B OOCYKTeEHHH PeSyJIbTATOB PaoorTH. | 
HuctutyT du3sH4yeCKOH XHMHH TloctynHs0 
AxkajlemuuH Hayk CCCP 6 III 1961 
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Wornaagn Akazemun Hayk CCCP 
1961. Tom 139, Ns 2 


XHMH A 


Axayemuk AH KasCCP M. H. TOPAEB u Tl. A. TOJICTHKOB 


CHHTES 8-HEXPEHA 


IlpuHpoxHbid Weapen Mo cpaBHeHuio C a-neqpeHom I, nowyyaembim Weruypa- 
Tauvenh wegpoma I], oOmaqaer MeHbIUHM yrsiom BpameHua. Has, Ilana3san u 
Tlepporre (*) moKa3au, 4TO STO pa3sIMuHe OCODACHACTCA HeOMHOPOAHOCTHIO 
MPHpoxHorO MposyKTa. 
 Vgentudukalua mpofykToB OKHCJINTebHOrO paCHIeliJIEHHA 3aAMeLLEHHBIX 
TMUKJOMNpOManKapOOHOBHIX KUCJIOT, CHHT€3HPOBaHHbIX Ha3BaHHbIMH aBTOpaMu 
KOHMeHCallMeH MPHPOAHOTO WeApena C STHMAHas0alleTATOM, NOSBOJIMIa HM IpHii- 
TH K 3aKJIIOUeHHIO, TO NIPHPOAHbIM yrvieBoLopoy coxepxKUT mpuMmecs f-nenpe- 
na II] — coeqHHeHHA C 9K3OMHKMHYECKOH JBOHHOH CBASbIO. 

O6pasoBaHve MpPHpOAHOro WespeHa AOMKHO MPOMCXOAMTb MO caeLywuen 


icXemMe 
OH 
———— >= + 
CH, 
(1) ( 


(11) IIT) 


OHakO B V [HBA yasIbHOM COCTOAHHH f-leqpeu lO CHX Mop He Obl Nowyyen. 
B uactosmetfpadote onucpiBaetca cuuTes f-leqpena. 

Xo, CHHTe3a, B OCHOBY KOTOPOrO OblIa NOMOKeHA ONMCAHHaA Tpek6com (°) 
peakUA OKHCICHHA WexpeHa ABYOKHCbIO CesleHa Ho Wexpenaa LV, MoxKHO H30- 
‘Opa3uTb cxemoi_I. 


Cxema | 


O 
NI 4~ (CHy)oNH 


(IV) (VII) 
i 


Vaan OE) rem Cay 
O 
(V) Ny (VI) (VID) 


{ t 


(1) + (lil) (III) 


| Tlonyauts B-neqpen eruspoOpomupopaniem reps.- weqpaHHOpomuya He 
'yanocb, Tak Kak MocvleqHHM He H3MCHAJICA NO WeHCTBHeM CIMPTOBOH UleJO4H, 
KHMAMerO ITHIMMpHANHA HW ITHMATa HaTpHA. TIupoau3 3,5-quHuTpobeH30aTa 
imepB.-weqpanoua VI npuBed K NosyYeHHIO CMCCH G- B-menpenos. V1.-k. cneKTp 
impodyKTa mupomu3a Hapsy c yactoTamu 1625, 3075 u 887 cm™, mpHcyuMy 
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rpynme R,C = CH, cogepxuT uactoTE! 1660 u 3022 cm’, xapakTepHble 1s 
BTOPHYUHO-TpeTHIHOK ABOHHO CBaA38H a-WenpeHa. Ilo-BHqMMOMy, %KeCTKHe ycuJO- 
Bua peakitun (280—350°) BbIsbIBaIOoT H30MepH3aluIo B-WeqpeHa B a-LelpeHx. 
CnelyeT 3aMeTHTb, YTO Mepexoy P-MHHeHa B G-MHHEH MPpOXOANT HAaCTOJIbKO riayl- 
KO, UTO 9TA PeaKUNA Oblia HCHOb3oBaHa PyaKOBbIM JIA MOJIYYeHHA O-TIMHHeHA 
BbICUeH ONTHYeCKOH UHCTOTHI (°). 

Becbma 4ncTHIM oOpa3ser B-eqpeHa HaM yJlaslocb nowyauTb mupowH3s0m N- 
OKHCH JHMeTHJI-nepB.-leqpaHHamuHa VII. 


Our 


S 


~_ 
i=) 


(oeenoumeHug 


20 


1600 100 1200 1002 Bory" 


Puc. 1. W.-K. cnekTp G-leApeHa, NomyyeHHOrO jeruapaTanveh 
wempona. IIpusmpt NaCl, LiF, /=4p, WMKC-14 


Corsacuo Koyny (*), pacitensenue N-oKucel TpeTHYHbIX AMHHOB ABJIAeTCA 
HavOoulee MATKMM MeTOOM IMpomHTHYecKorO NosyyeHHa ouedpunos. Ilomyyex- 
HbIM yKa3aHHbIM yTem P-leqpeH MpelcTaBsaeT coOol Oecl{BeTHyIO 2KHZKOCTb 
co CAeqyioluumMH KoHcTaHTamu: ni 1,5047; d7° 0,9350; [alf + 11,3° (renran, 
C = 18,6). 

Vindpakpacupili cnektp f-lleqpeHa cofepxKHT HHTeCHCHBHBIe MOJOCbI OKOJO 
1625 nu 887 cm! uw momocy c yacTtoToH 3075 cm™, KoTOpple XapaKTepHbI LA 
2K3OMeTHJICHOBOH JBOHHOM cBa3H. [HApMpoBaHve Ha MwaTHHe aeT WelpaH, 
MO CBOHCTBaM BeCbMa OIM3KHH K WelpaHy M3 a-lespena. 


IKCUTeCPpUMEeEHTANbA aT etac@rs 


alLe peu nonyyen eruspatauMeli Wekposa, BbiyeeHHOrO 43 SdupHOTO 
MacJla Ka3allKoro MovwkxKeBeJIbHuKa (Juniperus sabina L.), H HMed cilesqyroulHe 
KoHcTanTHl: np 1,4982; d2° 0,9343; [al$ — 93,5°. 

leq peuHadb nosyuen M0 HeECKOAbKO BUJOH3MeHeHHOH MeTogHKe T peno- 
ca (*) ¢ BrIxoqom 72 — 75% npoTuB 50—55%, yka3aHHOTO Ha3BaHHbIM aBTO- 
pom; np 1,5195:9d2>"1,0202; als 65,5 5 

IlepBHUYHHH We panHod NomyyeH C KOMMYECTBEHHBIM BbIXOJOM 
rH pHpoBaHHeM Ileqpenaia Ha CKeJIeTHOM HUKesle MpH 70 aTM. u 60°. BecupBer- 
Had BASKaM %KMIKOCTb: T. Kam. 143—144/1 mm; n?® 1,5095; di° 1,0110; 
lalS —17,0°; MR natineno 65,68, BETaucHeHO 66,29. 
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Haligeno %: C 80,66; H 11,80 
CisHogO. Bpruucneno %: C 81,08; H 11,71 


3,5-HHUTpoOeH30aT MovlyyeH OObIMHBIM OOpasom, T. mu. 80,5—81,5 (nerpo- 
| teint sup). 

Hatigeno %: N 6,92 
BatguceneHo %: N 6,72 


% | 


60 


floenowenue 
bh 
S 


ins) 
S 


1700 1500 1300 1100 900 cM! 


Puc. 2. H.-K. cmekTp npofyKTa mHpOMHTHYeCKOorO pa3v0- 
2%KeHHA 3,0-—MHHTpOOeH30aTa nepB.-WeqpaHowa. I[Ipusmbi 
NaCl, LiF, /=4p, HKC-14 


(aenoigs enue 
XM 
Ss 
= 
~ — 
———— ae 


—8075 


20 


2 
ed 


7800 1600 1400 12009 1900 800cM7 


Puc. 3. W.-K. cnextp B-uenpesa u3 N-oKuCH AMMeTHJI-NepB.- 
wefpanuamuna. IIpusmpt NaCl, LiF, /=5 p, MKC-14 


Mmpo cus do-HHHTpoGensoatTa Leps. “he kpewowa 
(VI). 7,5 r (VI) Harpesanucb B TepMOcTONKOH KoOe pH 15 mm vw 280—350°. 
OtroH xpomatorpadupoBajica Ha UlesOUHO OKHCH aJIIOMMHUA (akKTHBHOCTB 
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I—II). Herponetupm scdupom smoupopaHo 1330 r (85%) yraeBogopoga: 
ne 1,5055; d?° 0,9317; [al — 34,6°; MR unatineno 65,01, srrmucneno 64,40. 


Hatimeno %: C 88,23: H 41,52 
CisHos. Borsucneno %: C 88,17; H 11,83 


Jlumerusi-MepB.-leqpanumamun (VIII). 22,2 r (IV) ragpHpopauch Ha Ka- | 
Tamusatope “3 15 r cnmapa Ni/Al B 150 ma 4% pacTBopa QHMeTHJaMHHa B 
3TaHose mpH 120 atTm., 80° B Teyenne 4 uac. Honyaseno 8,0 r (32%) (VIII) © 
7. kum. 150—152/1 mm; np 1,5033; d;° 0,9555; MR natigeno 77,21, BpraucteHo | 
78,05. Xsaoprugpart T. mt. 255,5—256° (amerou). 


Hatieno %: N 4,66 
Ci;H32.NCl. Baruncneno %: N 4,83 


Kpome Toro, c BbIxogom 60% nosyueH MepB.-leqpaHod. 
ITlonyueune B- Leh mupoawu3om (VII). 5,8 r amuna, 

10 ma atretona u 7 Ma 28% HeOe pasMeliMBasIMcb pH KOMHATHOH Temlepatype 
lO NouHOrO pacTBopeHHa mpoxyKTa. Ilocme paspyuieHHa u36bITKa Nepekucn 
BOLOpOa MaTMHOBOM YePHbIO H yasleHuA PaCTBOPHTeIA B BaKYYMe MpOLyKT 
mupowM3o0pasca 150—190°/Imm. OtroH OTMbIBadcA OT HelpopearupoBaBuiero 
JMMeTHJI-MepB. -llelpaHuJlIaMHHa COJIAHOH KHCJIOTOH H XpOMaTOrpaupoBaica Ha 
AleOs (axTuBuoctb I—II). Tlomyyeno 1,50 r (31%) B-eqpena B Buse GeciIBeT- 
HOM 2KHLKOCTH CO Ce yIOUIMMH KOHCTaHTamn: n* 1,5047; ae 0,9350; [a ee + 11,3 


(rentau, C = 13,6); MR Hatigeno 64,76, BrrncmeHo 64, 40. 


Hatigeno %: C 88,08; H 411,72 
CisHo,. Baraucaexo 4: C 88, ‘47: iet ake 83 


IloctynHao 


VMucTuTyT XHMHUeCKHX HayK 
24 III 1961 


Akayemun Hayk Ka3CCP 
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Woxnagn Axkaygemun nayk CCCP 
1964. Tom 139, Ne 2 


XHMHA 


B. WH. FYHAP u C. HW. 3ABbSAJIOB 


HOBbIM NYTb CHHTE3A MPOK3BOHbIX XHHOJIMSHVAWKA 
(IIpedcmaeneno axademuxom B. A. Kasaxcxum 25 III 1961) 


IIpouspoguble XHHOMM3HAMHA (HOPAyNUHAaHa) NpescTaBAIOT COOOM BarxKHy!0 
Ppymny YTeTepowWukKIHYyeCKUX COeAHHEHHH, K KOTOPOH OTHOCATCA aJIKaJIOHbI 
JYNMHHH, JIymaHvn, cnapTevH, aHarMpHu, UWHTH3HH Hu Op. (*). HekotToppie u3 
HUX OOaaloT ACHO BbIPaXKeHHbIM (PH3HOJIOTHYeCKHM JeHCTBHEM H MPHMeHAIOTCA 
B MeJMIMHe, HalpHMep, B KayecTBe CpefCcTB, BOSOyxXTalolHx AbIxanue (?,°). 
JlaA necTpoeHHA XHHOJH3HQMHOBOH CHCTeMbI HCHOJIb3YIOTCA peaKIHH BHY- 
TPHMOJEKYJADHOTO AaJIKHJIHMPOBaHHA H allHJIMPOBaHHA MpPOW3BOLHbIX NHTepH- 
Ha, KOTOPbie OObIMHO MO/yuaIOTCA H3 COOTBETCTBYIOWHX MHPUAHHOBHIX Coe1H- 
HeHHH (*). 
_ B nacTosmel pa6ote Hamu paspa6oTaH HOBbIM MpocToH NyTb CHHTe3a Mmpo- 
‘M3BOQHbIX XHHOJIM3HHHA Ha OCHOBE AHTHApopesoplnHa NO culeqylouleh Cxeme: 


(@) 
CH,=CHCN KOH 
—_— N - ieee 
NC 
cn ae 
(I) 
Fa/Ni CHyCOOH LiAIHy 
HN —H,0 
no’ Xo aie 
(i) ( 
——> | 
(¥) 


IIpu rugpupopanuu 2-meTus-2-(b-uHansTu)-qurngpopesopunHa (I) Han 
CKeJICTHBIM HUKeJICM B IIPHCyTCTBHH uleOUH H MocMepxyrouleh OOpadorKe mpo- 
WykTa peakuuuM yKcycHOl KUCOTON, OYeBHAHO, Yepe3s MpOMeKYTOUHbIe CTAaLHH 
rujpomuTuyeckoro pacmenienua (I — II), BoccTaHOBHTeIbHOK WHKM3allHH 
(II + III) u sBuytpumonekyspHoro auuampopanua (II] + IV) c BpicoKnm 
BbIXOLOM oOpasyetca 1-meTu-6-KeToxHHomusHguH (IV), cTpoeHHe KoToporo 
NOATBEPHKAeHO U.-K. CieKTpoM * (HaJIMUNe MOMOCbI MaKTAaMHOTO KapOoHHua 
mpu 1643 em~) (*). Boccranopnenue LiAIH, 1-merun-6-keToxuHosnsuinua (1V) 
IPpHBOAUT K a-copme d, /-nyrmnana (V), OxXapakTepH30BaHHOrO TPyLHO pacTBo- 
PMMBIM B MeTaHOsie WHKpaToM CT. 1. 183—184° u Hog_meTuaaTom Cc T. na. 263— 
264°. Tlonyyennpli namu d, l-1ynmHaH OONanaeT B H.-K. CeKTpe ¥acTOTaMH 
(2802 uv 2759 cm), mpHcyuuMH TpaHC-XHHOJIM3MUHOBbIM COeAHHeEHHAM (°). 


| * W.-K. cnextppt (CHCls) cuumaaucs T. A. Koranom, KoTopomy Bbipaxkaem O6marofxapHocts. 
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JKcHePUMEeHTAABHAA FACTS 
2-MeTua-2-(B-WHAHISTHA)-Ruruxspopeso0puun (ij 


(r. kum. 1834—137° npu 0,5 mM u np 1,4886) nomyyen no MeToquKe, paspa6o- 
TaHHoi M. H. Ha3apoppm u cortp. (*). 
1-Metua-6-keTOxHHOMH3H ANH (IV). 16,9 r (0,094 mona) 
2-meTus-2-(8 -uMaHsTHs)-WurugpopesopunHa (I) B 100 ma MetaHoa rHapHpoBastM 
B upueytcTBuH 5,26 r (0,094 movin) eqKoro Kau H ~ | r CKeNeTHOrO HUKeA 10) 
MOrOUeHHA TPeX IKBUBaseHTOB BOLOpoga (80—85°, 85—70 atm., 12 aac ./@ 
Tlocie yaJleHHaA KaTau3aTOpa HM OTTOHKH MeTaHOJIa MposyKT peakWHu KHNA- 
TuM 1,5 yaca c 50 Ma ykcycHow KucuoTH. HlomyuenHbli pacTBop ynapHuH Lo: 
cyxa (~ 15 mm, 30—40°), ocTaTok o6paOoTamu BogoH u scdupoM 2KcTparupo- 
Bah 12,2 r (78%) 1-merun-6-KeTOXHHOMM3H_NHA (IV) c T. Kun. 99—103° npu 
0,8 mm un 2% 1,5095. IIpu xpomatorpadun na okucu atomuHns I] at. (BbIMbI- 


BaHHe CMeCbiO MeTpoOJeHHbIH scdup — Gensou, 4: 1, SOeH3010M HM CMeCbIO OeH- 
301 — MeTaHom, 7:1) Bpmemuau 8,8 r (55%) 1-meTun-6-KeTOXHHOM3HANHA 
eT. kun. 88° npx 0,5 MM uw 30 1,5085. Rj = 0,49 (xpomatorpaduyeckas ma- 


cTuHKa c Al,O, II] axt., cmecb 6eH3071 — alleToH, | : 1). 


Havineno! % iG 71,205 71,400 0, 205 OO: ING Grodenogoad 
CyHyON. Bprraucneno %: C 71,80; TORO: ‘N 8,38 


d,/-Jlynuuau(V). K 1,7 r (0,04 mona) LiALH, B 250 ma a6c. supa 
npHOasuu 4,2 r (0,025 moma) 1-meru-6-keTOXHHOuM3HAHHA (IV) B 250 mu a6c. 
adupa. PacTBop KHNATHJIM B TeyeHHe 5 ¥aC. NPM MepeMelIHBaHHH, 3aTem OOpa- 
6oTamH mpu O—3° 10 ma sTHNalleTaTa H Moce 15 MuH. NepemMewiMBaHua mpH 20° 
BeTpaxuBasu c 7 r NaOH B 170 ma Bogs. M3 supuoro ciios Been 3,2 © 
(84%). d,/-nynuHana (V) cT. Kun. 64—65° npn 7 mm u np 1,4815. Rf = 0,7 
(xpomaTorpaduyeckaa muiactHHka c Al,O; II axt., cmecb 6eH30.1 — atleTou 1:1). 


lnenznrestey Oe (Ci fsb Ueto, Val AA Ade WP ate IN] Sa claie 9) 0) 
CioHigN. Bperuucneno %: C 78,36; 2, of) N 9,14 


Tluxpart (Bpixog 57%), T. ma. 183—184° (H3 MeTaHowa). 


Haiizeno %: C 50,46; 50,44; H 5,73; 5,66; N 15,14; 14,94 
CyyHig N-(NO,)3CsH2OH. Berancneno %: C 50,26; H 5,80; N 14,65 


Vonmetunat, T. na. 263—264°. 


Hatigeno %: N 4,59; 4,69 
CioHigN-CH3J. Baruncneno %: N 4,75 


B autepatype ua d,l/-nynuHaHa IpHBeseHbl CeLYIOULMe KOHCTAHTHI: T. KHIM. 
75—77°/11 MM, muKpaT a-bopmpl, T. m,° 187°, (°), 185° (*), 192—193° (7°,"), 
mukpat B-dopmpl, T. ma. 163° (8,1). 


HHcTHTyT OpraHHyueckoli XHMHH Iloctynuso 
uM. H. JJ. 3enHucKoro 21 III 1961 
AkajlemuH uayk CCCP 


IMTHPOBAHHAA JIMTEPATYPA 


1 A.T].Opexos, Xumua ankanougos, M39. AH CCCP, 1955, crp. 160. 2 M.J.Mam- 
KOBC KH i, JIlekapctBenubie cpezctBa, M., 1960, crp. 110. * P.Lebeau,M.M. Janot 
Traité de Pharmacie Chimique, 4, 1955-1956, p. 2848. 4 TerepouHkinueckHe coel., 3> 
WJI, 1954, crp. 310. 5 O.E. Edwards, T.Singh, Canad. J. Chem., 32, 683 (1954)- 
°F. Bohl mann, Angew. Chem., 69, 641 (1957); Ber., 91, 2157 (1958); F. BohI mann, 
C. Arndt, Ber., 91, 2167 (1958). UVSGE Vals Jol el) 20}) Gis, (Cy Jl, Seles Sea On, UO, 
24, 469 (1954), 8 C..Seho6.p i, OneT vo ma. sAnns, 465,00980(1928). 9 Py K ar rem 
A. Vogt, Helv. Chim. Acta, 13, 1073 (1930). 29 N. J. Leonard, A.S. Hay, R. W. Ful- 
mer, V. W. Gash, ‘J. Am. Chem. Soc., 77, 439 (1955)... @ N. J. Leonard, R: W; 
Fulmer, A. S. Hay, J. Am. Chem, Soc., 78, 3457 (1956), ™%K Winterfeld, 
P. W. Holschneider, Ber., 66, 1751 (1933). 
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Jloxazagn Akanqemun Hayrx CCCP 
1961. Tom 139, Ne 2 


XHMHA 


lr. &. AYBYP u akanemux JlatsCCP ©. A. BAHAL 


0-(2,3(CO),6,5 (CO)-AHBEH30U JIEHH30HUK OTHHONWJ)-BEH30HHAS 
| KUCJIOTA 
B mpegxbiyiymux padotax (1,") Hamu Oblio0 MOKa3aHO, YTO TeMHHAaJIbHbIe TH- 


HMHTaHTHOHHJIBHbIC IPOM3BOHbIe Np eHCTBUM alleTaTa AMMOHHA B Je AHOK 
ykcyCHoHu KHCJIOTE JIETKO JatOoT COOTBETCTBYIOMNIMe AHTHAPONMPHAUHEI: 


OC CHE, 
co Le ig 
C= 
\cZ% MeN co/ 4 cHcoonn, NEA SNe 
et CON. CHCOOHS:  (7inN v4 
HCK "CoH C=C 
CO beat 
OC2Gany 


Bylo HHTePeCHO HCNOMb30BAaTb LIA ITOH PeAKIMM MPOAYKT OKUCIEHUA TPHC- 
(MHwaHfMona (1) — oxcuTpucnuzansuon (II) (7,4), KoTOpbIli JomKeH aTb mpo- 
M3BORHOe 3-OKCH-3,4-2HrHAponupHAMHa. PeakinaA CHObHOH ChOpMbl OKCHTPHC- 
MHJaHAHOHAa C alleTaTOM aMMOHHA B JI€¢AHOM YKCYCHOH KUCJIOTe HeT MerKO 
‘MH ObICTpO C OOpa3s0BaHHeM XKe/ITOFO KPHCTaJJIMYeCKOTO BelleCTBa, KOTOPoe MpH 
(OObIKHOBEHHOH TemnepaType NpakTHyecKH He pacTBOopsAeTca B menouax. IIpu 
HarpeBaHHH HeEMHOTO PaCTBOPAeTCA B PasOaBJICHHbIX IeNOUaX H B OHKapOoHaTe 
HaTpHA; pH MmpHOaBeHHH Oovlee KOHUEHTPHPOBaHHOrO pacTBOpa ULeO4N BbI- 
MajaeT ocagsok comH. Pay come MpHroToBJIeH B 4YHCTOM Bue. Bce onH. MawoO 
pacTBOpsAIOTCA B Bose. 

Te xe COM MOXHO MOJYYUTb TakxKe OKHCJIe€HHeM MHaHANOH-1,3-cnupo- 
(2 : 4’)-2’,3’ (CO), 6’,5’ (CO)-qH6eH30nNeHAuTuAponupHAuHa (III) meprugzpo- 
JI€M B CIHPTOBOH cpeye B mpHcyTcTBHN Weo“H. IIpu noxKuceHMu 3THX pac- 
TBOPOB BbIJeHeTCA TO 2Ke BELIeECTBO, KOTOpoe NowyyeHo elicTBHeM alleTaTa 
@MMOHMA Ha OKCHTpHcHHAaHHoH. Cnoco6uocts III oKkuciatsca B WenouHOn 
cpeme 20 comeoOpa3HbIX BeLLeCTB HaMOMHHaeT paHee H3yYeHHBIM HaMH alleHa- 
tenon-1l-cnupo-(2 : 4’)-2’,3’ (CO),6’,5’(CO)-au6en30neHaurHzponupHyuH (A), 
(7), KOTOpbit B wesouHol cpeze oKuciseTca B_ 8-(2’,3’(CO),6’,5’(CO)- 
Auo6ensounesnupunus-4’)-Haptolinyo-l-kucnoty (b). Tlostomy moxHo  novia- 
raTb, uTo III mp oKuceHHH B WeOUHOH cpeze aeT com o-(2,3 (CO), 6,5( CO)- 
JM6eH30MJIeEHH3OHHKOTHHOHM)-Oen30HHoH = KucnoTH (IV). Ilpu mnogKucneHuu 
PacTBOpPOB STHX covet BbI-eIseTCA Cama KucnoTa IV. XapakTepHo, 4TO aHa- 
OruuHO KucsioTe Bu Kucsiota IV ZoBOJIbHO MerKO WeKapOoKcHJUpyeTca, O 4eM 
nocmesyeT OTMeNbHOe CooomeHHe. 


oN i, 
aaa | yi 
Zo Ze 
NG rea VG NORE. 
Ean Roe 
q oc’ | Oc | 
i q 7 {<2 
(A) (B) 
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Auanorusa III c A npogomxKaetca 4 B OTHOWICHHH peakIMH C asIKOrOJATaMu 
HaTPHA, KOTOPbIe PacileMJIAIOT NATHUICHHOe HHAaHAMOHOBOe Kombo. UuxTEe- 
PeCHO OTMETHTb, 4TO TOOGHO (?) H B 9TOM CJIyYae He NOMyYeHbI NPOHSBOLHbIe 
Mrvponupuyuna, a cpasy MpOvSBOAHbIe MMpPHAMHa — CIOKHbIeE ZPupbI 
o-(2,3(CO),6,5(CO)-qu6eH30HICHH3OHHKOTHHONJ)-OeH30HHOH KUCOTHI (V). 
MenTuuHoe BelleCTBO MOJyueHO TakxKe 3 CepeOpxAHOH comM KUuCHOTH IV jel- 
CTBHeM Ha Hee aIKWJramoreHuya. OTH clO*KHbIe supbI (V) O“eHb yCTOMUMBBI 
K peaKUHAM YTHqpowHusa. 


0 CO . 

an BN Fee O xe Bs She 
(ci | Ss 

Z 


NCO rac wer: O/ Nec 
HC\. 
COA Neco 
(I) | CH,COONH, (II) | CHsCOONH, 
{ CH;COOH , CH;COOH 
7 TEN. 
co 0, a Bese 
(i ‘Noe an als, CO POn) oes 
700 th Gey ah ae 7\n 
Aan Le azn 
(111) (IV) Wy 
| RONa 
ae 
0 ae 
Wa 
cf oc’ | a) R=CHs; 
71 Nor Sl 9 R=GHs 
WX aN 
| age 
O OCe | 
(mee. 
mee (V) 


OHOBpeMeHHO C pHHATHeM cTpykTypbI IV mpuxog_NTcCA MpHHATb uM Cxemy 
peakuui II] + IV, re KpomMe UHKJIM3alHH MpOMCXOANT paspbIB NATHYICHHOTO 
HHJaHAMOHOBOrO WHKJIa. 

Heo6xo2uMO OTMETHTb HeKOTOpoe pa3zviN4He B noBexenuH III u A. Oxucue- 
uve II] B cnupToBow MeO" B MpHCyTCTBHH MepeKHCH BOOposa Mpovcxo_UT 
OYeHb ObICTPO: y2Ke YEPe3 MHHYTY NOABJIACTCA XKEJITHIN OCANOK, Mey TEM KaK 
ia A lp KOMHaTHOH TemMmepaType TpeOyloTCA AeCATKH 4YAaCOB (CKOPOCTh peak- 
IHH B 3HaUHTeJIbHOH Mepe 3aBHCHT OT KOJIMYeCTBA BOI B pacTBope). Jurugpo- 
nupuyun III 6pictpee pearupyeT Takxe C aJIKOrOJIATaMM HaTpHxA. Kucnota B 
XOpPOlUO PacTBOpHAeTCA KaK B IemOuax, TaK MH B OMKapOoHaTe HaTPHA, a KUCIO- 
Ta IV, Kak yKe CKa3aHO, B HHX NOYTH He PacTBOPACTCAH; OHA JYULe pacTBopsAeT- 
CA B BOJHO-CIHpTOBOH cMecH, K KOTOPOH MpHOaBsIeHO HeOOJIbIIOe KOJIHYeECTBO 
mjevIoun. 

Oxuculenue Jurugponupugzuna III Obiio Hamu OCYyLIeCTBJIeEHO yxKe paHbie (1), 
HO JIA MOJIYYeHHOFO MpOLYKTAa OWMGOUHO Oba MpeqioweHa CTPyKTypa uMepa. — 


QIKCHeEPHMEHTANBHAA WACTHL 


o-(2,3(CO),6,5(CO) - THOeCH3OHMCHH3O0HHKOTHHOUH W)-6e H- 
30HHaAA KUCuOTA (IV). a) H3 okKcHTpHucHHAaAHAUNOHA 
8 r eHOMbHOK CopMbl OKCHTpHCHHAaHAMOHA B 240 MJ JIeAHOM yKCyCHOH KHCIO- | 
Tbl H 24 r alleTaTa aMMOHHA KuMATAT 2 uaca. Tlocne oxsaxeHHA OCaqOK OTIe- | 
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IAIOT H KHMATAT C 75 MA YKCYCHOM KucOTEI. OcTaetca 5 r xeITOrO KpucTan- 
mueckoro BellecTBa, T. m1. 365—368°. 
' 6) Oxucaneuunem uHxauAUuon-1,3-cmupo -(2: 4’)-2’,3’(CO), 
po (CO)-quOeH30HNeEHAUTHAponupuguna (Ill). 2,15 r 
II cycnengzupytoT B 150 Mi MeTaHoua, mpuOaBastoT 15 ma 10% eqKoro HaTpa 4 
(0 ma nepruypouia. KpacHo-KopHuHeBbIli OcaOK pacTBOpAeTCA C 3eeHOH OKpa- 
‘KOH, HU Yepe3 HECKOJIbKO MHHYT BBIJeIACTCA XETEIM OCaOK HaTpHeBOH cou 
cucoTE! IV. Cob pacTBOpAIOT B BOAHO-cHpTOBOH cmecu (1 : 1) npH6aBneHnem 
HOH KansM WENO, HW NOAKUCeHHeM BbIensioT KucnoTy IV, T. na. 364° 
M3 HOKcaHa). PKesITbIe KPHCTaJJIbl HE PaCTBOPAIOTCA B OHKApOoHaTe HATPUA. 
} BeLIeECTBOM, MOJYYeHHBIM M0 a), MWwaBHTCA 6e3 enpeccuu. 

Haligeno %: N 3,45(a); 3,13(6) 
Co7H}30;N. Buranceno %: N 3,25 


HatpueBpaa coup. 0,5r IV pacrBopstot npu Harpepanuu B50 wa 
{OHO-CIMPTOBOH CMeCH, K KOTOPOH JodaBieH | ma 1% NaOH, u ropsunit pec- 
BOP PUMbTPyioT yepes OGorpeBaemyio BopoHKy MesKue xedITHIC HTB, T. WT. 
fi ° 
190°(pasu1). 


Hafigeno %: N 3,39; Na 4,85 
Co7Hy2O3NNa. Baruncneno %: N 3,09; Na 5,07 


| Kaaunespaa coup. 0,5r III cycnenzupyiwr B 40 Ma sTaHosa, npH6as- 
inioT 5 Ma 2% KOH u 3 Ma neprunpoua. Ha caezyromlul WeHb OTMeMAIOT »KEN- 
I KpHCTanmMueckuit ocafoK, T. m1. 360° (pasn.). PacrBopseres B Bose H B 
ja3sOaBJICHHOM CIIMpTe. 


Hatigeno %: N 2,76; K 8,06 
Cx7H2OsNK. Baraucneno %: N 2,98; K 8,33 


CepeOpxnxuHan cons. K ropsxyemy pactsopy 0,1 r nojwyyennoi 
iasMeBow coum B 70 MJ pa3s6aBeHHOro cnupTa (1:1) MeqIeHHO ipHwIMBaIoT H3- 
ibITOK pactBopa AgNOs. pKeuTbii ocalloK, pacTBOpseTcaA B ropxuHX pacTBopax 
Na2S2Os wu pasOaBseHHOTO aMMMaKa. OUHCTHTD COJIb HE yalocb. 


Hatimeno %: N 2,85; Ag 16,9 
CyHyOsNAg. Barancneno %: N 2,60; Ag 20,1 


WuasTtTuaAaMUHOBAA CO Ab. AHaNOrMdHO HaTpHeBOH HIM KamHeBOn 
‘OM B CIIMpTOBOM pacTBope. PKevITHIe KpHcTaJbI (M3 WHOKcaHa), T. mt. 340°. 


Hatimeno %: N 5,54 
Cs;H2405Ne. Beruucneno %: N 5,55 


Munepuxuuospaagr cowb. Kucaory IV kunatarT B STaHOWe c mHNe- 
IMMMHOM, UW OCaOK KMNATAT C JHOKCaHOM. OcTaloTCA MeJIKHe XKeJITHIC HTVIbI 
. m1. 326°. 


Hatigeno %: N 5,54 
C32HosO5No. BaruucsmeHo %: N 5,42 


P-MeHuAH30TpOnHAAMHHOBAA coOdb. 0,2 r Ill, 2 ma 
-PeHHM30NponviamuHa u 2 Ma Heprusposa B 20 MJI MeTaHOJIa KHMATAT 2 4a- 
ia. )Keatpie KpucTanpt (43 AMoKcaHa), T. M1. 263°. 


HaiigeHo %: N 4,97 
CssH2gO3N2. Boruucneno %: N 4,94 


Xmopaurugapug kKucaoTp IV. 5,8 r TmatTeibHO H3MembYeHHOH 
‘ucioTh! [V kunatat c 50 ma THOHMIXJopuza 3 yaca. BemecTBo nepexonnt 
 KEJITHIM MeJIKOKPHCTaJIMYeCKHH OCaOK XJOpaHrugpHsa, T. m1. 335°. 


; Hattizeno %: N 3,08; Cl 7,90 
Co7Hy204NCI. BpryucmeHo %: N “ah lal Cl 7,88 
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ITHAOBH KH FHuUp kKucaoT HIV. a).0,1 r cepe6paHok comu KuCuO- 

“tp IV uw 6 Ms HOMUCTOTO STHIA HarpeBaroT B 3anasdHHOH ammyuvie 6 uac. npu 180°. 

Tlocse BCKPbITHA AMNYJIbI HOLMCTHIN ITH BbINAPHBAIOT, OCTATOK oOpa6daTbIBaio1 

2% aMMMaKOM H KPHCTAaJJIM3yIOT M3 JIGMAHOH YKCYCHOH KHCJIOTHI, T. MI. 325— 
Poli 

6) 0,3r III] 4 25ma 1% stunata HaTPUA OCTABJIAIOT Ha HOU. DKeJTHIH OCaLOK 

2 pasa KpHCTAIM3yIOT M3 eAHOH yKcycHOl KucoTH. Menkue urasi (V 6), 


‘T. mul. 322—325°, cmecb c SHpOM, MPHFOTOBJeHHBIM MO a), MaBHTCA 6e3 7e- 
TIpeccuu. 


Hatigeno %: N é »85(a), 2,92(6) 
Chaee: N. Baruueneno %: 


3, 


MeTHaoBHH IMPuUp kucaAOTHIV.03rIill uv 20m13% merunarta 
HaTpHA KHMMATAT Ha BOMAHOH OaHe 10 muH. PKenTH ocagok (Va) KpucTasn- 
3Y!0T H3 JIeMHHOH YKCyCHOH KUCJIOTH, T. Mm. 338°. 


Hatigeno %: N 3,08 
CsgHi;05;N. Bpryucneno %: N 3,15 


MuctuTyT opraHwyueckoro CHHTe3a Tlocrynusio 
Akajlemuu Hayk JlataBCCP ZTE LIGHT 


IHTHPOBAHHASA JIMTEPATYPA 
1)... Ae Bana ry Ts) A yiGy py oKOK 272729 1957): 27. A. Ban arlooe 


Ay 6y p, KOX, 30, 1898 (1960). *C. Liebermann, L. Flato w, Ber., 33, 2433 
(1900); * A. Hant zsichy sWeek ws cihien,) WichweAnn er s92—a40n@92)s 


Woxuayge Ankagqemun nayr CCCP 
1961. Tom 139, Ne 2 


XHMH A 
B. A. HSMAHJIBCKHA u Ps As PUIYWIEHKOB 


CHEKTPbI MOPJIOWIEHHA MPOKM3BOJHbIX JM®EHHJIMETAHA, 
H JM®EHWJISTAHA, COXEP)KALIMX HHTPO- WH AMMHO-rPynnbl 
B PASHbBIX SIPAX 


(I1pedcmaeaeno axademuxom B, A. Kasanckum 21 III 1961) 


_ Mbt npeznpunsanu usyuenve cnekTpoB Mornomenua coeqvHeHMit, nocTpoes- 
HBIX 10 cxeme O2N®(CHe),DA*. Vismepexbt cnekTpbl nponsBoyHpix n-NOs- 
qudenvsmetana (n-NO2-JLDM) (I) uw n-NOs-qucenunstana (n-NO2-H®9) 
(Il), B KOTOpbIX 92eKTPOHOJOHOpHEI xpomodopHEri KomnonentT A,-H, 
NHCOCHs, OH, NHez, NMez ** (oxpacky cm. B Tada. 1). Coennuenua 
(iI) nonysenpt ananoruuno (1) (4) 


AnasmM3 CneKTpoB coefuHeHuli n-NO2-J[PM (J) mpon3BeyeH ¢ TOUKH 3pe 
HMA TeOPpHH MHYKTHBHO-B3aMMOCBASAaHHbIX cuicTem (?,°), paspaOoTaHHOn As 
aHaJIM3a CNe€KTPOB MPOH3BORHEIX WucdeHusiIaMuHa CTpOeHHA 4-O2N@NH®A-4". 

Y mponssopupix 4-NO2-_udenvsaMuHa OCHOBHOM XpoModopHol cucTemoli 
ABJAeTCA cuctema BKA’ O2N®NH, y mpousBogHEIx n-NO2-JI®M u n-NOz- 19 
‘OCHOBHOH XpoMoopHoli cucTeMoii JoKHA ObITb cHcTemMa BKA’ n-O2N®CHz2 (IV), 
COCTOMHHe KOTOPOH MOMPUMIHpyeTcA HHAYKTHBHBIM B3aMMOJeHCTBHeM C CH- 
ctemoi KA*. IlpapuuibHocTb Takoro Moyxoa MosTBepxKaeTcA TeM, YTO MbI 
HaXOJMM B ciekTpax (I) u (II) momochr cuctem o6oux sagep: aqpa a BKA 
(nonocn I? u II?) u ampa 6 KA?, tounee A’KA*(nonocni 1° uw 11°), ta6a. 1. 

IIpu BBeqeHHu cbenusa B OzN®CHs (Ne 1) Mb HaOsOaeM CMelleHHe NOMOCHI 


I¢Ha +3 Mp, anosocsi 117 —ua +10 mp. Mosocsr I* u Il* of BprancneHHOH CyMMBI 
9KCTHHKUMM CHcTeM spa a u 6 (Ne 4) cmemenbl OaTOXpOMHO TakxKe Ha +3 Mp 
u + 10 mp coorsercrpeHHo, HO rpaHuua Moriomenua pu Ig e = 1 cme 
mena wa +15 mp (NeNe 1—4 ta6a. 1, puc. 1). B coorBercTsuu c (°, ®) MBI 
paccMaTpMBaeM 9TOT S¢peKT Kak CJeCTBHe YCHJeHHA MOMApH3SAaIlMM B OCHOB- 
HOM COCTOAHHH cucTempr BKA’ O2sN®CHe: B pe3yubTaTe B3AHMHOH HHAYK- 
uu BosHuKaeT B (III) 6 —, KoTopnili ycuuupaer A+ no cpaBuenuio c A+ 
B HcxoqHOM OzN®CHs. IIpapuabHocTb 9Toro Moyxofa MofTBepwaercs: 
1) Tem, uTo KpuBaa O2NO®CH2CH2® (Ne 5) mourn copnmagaet c KpuBoli (Ne 1) 
puc. 2: 3ameHa CHe rpynnot CHxCH2 npHBoxuT K NayeHwio NOAApMsalHy 
aiipa 6, K yMeHbINeHHIO MHAYKTHBHOFO B3aHMOseHCTBUA VM IpHOMMKeHHIO CieK- 
Tpa K BbIluHCHeHHOMy (NoNo 4—5); 2) Tem, 4YTO CMellleHHe K JJIMHHbIM BOJIHAM 
BOSHHKaeT Ip BBezenuu B (I) uw (II) A? = NH2, NMez. 

| Tlog sausnuem A? nomKen BO3HUKHYTD B (I) 66nbUIHH 3apay O’—, 4em 6— 


B (III), 410 B cBow ovepeb JOKKHO YCHJMTb omapH3auuio B BKA’ 


* @ = n-tenunen — CeHa, wa Konte wemu — CeHs; Me = CHs; n = 1,2. 
__ ** Tlocrpoenve cxembt (IV) c yueTOM craHfapTHbIx pasMepoB NOKasbIBaeT HasHune mpo- 
_CTPaHCTBeEHHBIX (aKTOPOB, MpeMATCTBYIOMHX KOMMaapHOCTH OeH3OJIbHbIX sep a u 6: cormacHo(*) 
OHM MoBepHyTbI Ha 52°; yrom BekTopos a u 6 papen 120”. 
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Taoa mia 1% 
Monocbt cucrempl sgpa 6 | Tlomocbl cucTembl ayqpa a | Sk30m0s0ca ‘3 
pees Ss a 
i 6 116 14 114 aS 
fe CoequHeHHe & Pane ae Sa =38, 
‘ (T. Nw..H WBeT) ae cs g < x g Z Q © cu ¢ =O 
2 ae: = = = By Meee al se = liso) 4 }ie cam 
s oe ” S w a = o < Hee 
{ O,N®CH, Cc —_ — — _ = i oe a ae — — ee 
2 c GC _ = — 77 ( ~33 82) — — 4 
2a O2N PCH? a B _ a = — 277 | 10400) —330 500 — — 385 
96 |} 31° SecuBeTHbIii a = = = == | 267, | 14300); —310} 330) = | — |, 385 
3 H,C® GC — = 255 360 — — — — — — — 
262 340 
4 |(O,N®DCH,+H,C®)| C _ = — — 274 | 10800} —320 830 — _— 385 
BbIY. 
5 O,N®CH,CH,® Cc 277 8200) ~330 450 385 
5a |f 70—71°, Oecusetr-}| T -— = — — 267 | 14000} ~370 470 — “= — 
Hb 
6 O,N®CH,PNH, Cc 235 11600 —_— 275 9200) ~330 | 41530 | ~420 40 440 
6a | ( 98°, opaH x eBo- B = = - — 275 8100} ~320| 1760 | —420 20 435 
66 |} »*enTprti bP) \230 9680 — 255 | 14700} ~320] 1700 — — 400 
7 H,C®NH, ORM enya) | POS SITs) = eer ae a 
8 (OsN®CH;+ (e 235 15900 -- _ 274 | 11800) —320 900 a _— 385 
-++-H;,CONH;) 
BBI4. : 
5) O,N®CH,ONH, |A,t0-2} — 330 | 2640 | ~420) 440 490 
10 | 3 ae 235 12800 ~- = 275 | 13400} ~330} 1100 420 | 135 475 
N 
10a | » 138°, 3KeNTO- ig — — — — 255 | 19200} ~330 730 | ~400} 130 437 
OpaH KepBbili 
41 A,10-4 — — — = — — | —330}] 2700 | ~420| 270 508 
12 O,N®CH,®NMe, 265 25200 — — | ~270} 20000) —340} 2235 | ~420| 190 480 
42a || 87°, 2xenTo- B —270} 18900} ~340} 1600 | ~420} 100 438 
126 | ( opaHxKeBblit iD 262 | 25700 | ~302 | 4000 — — | —~340} 1600 _— = 409 
13 H,C®NMe, Cc 252 13300 302 } 1900 = = ne: = — — 
44 | O,N@DCH,PNMes| TMA — — | ~340|] 3400 | ~420| 670 500 
45 (O,.N®CH,+ Cc 252 19000 — — | —270} 13900} ~330 800 — = 385 
+H,C®NMe,) Bary 
Cc 260 19500 — — | —275) 14400) —340} 1100 430 | 250 5415 
O,N®CH,- r 260 20600 | ~8302 | 3480 _— — | —340 750 | ~400| 170 504 
16 -CH,DNMe, AMA) — = — — — — | ~340} 3400 430 | 830 530 
16a\{ 147°, »%xenTO- 
17 Opan x eBbii 


* Homepa coequneHuli H pacTBOpoB B TaOa. 1 COOTBeTCTByIOT HOMepaM B TeKCTe H B pucyHKax. Kouw- 
IleHTpawuA pacTrBopoB 10-4 M/a. 


** C —cnupt, 5 — 6exn30n, T — x-rexcan, A — anuaun, TMA — pumerunmaHuann. 


(A’ +> A -+), 4, cormacHo mMpaBusy cBa3H OaTOXpoMHOro adipektTa co cTe- 
TIEHbIO QICKTPOHHbIX CMeWleHHi B OCHOBHOM cocTosHHH (’, *, °), CMeKTp JoJ- 


: 2 Lye 
2K€H CMECTHTbCA K KpacHomy. Bausunue A? — NHe B Ne 6 (I) Ha Ayaxc elle 


He BeJIHKO: ees ocTasiocb npH ~330 Mp, HO ee Bospocso Wo 1530 (NeNe 1, 
2, 6). OnHako nua Ne 6 Ha6mofaeTcA CHsIbHOe OaTOXpOMHOe CMellleHHe rpa- 
HMUbI Norioulenua: mph lg e = 1 +40 u +55 my» no cpaBHenuto c Ne 2 u 
Ne 1 (pwc. 1), H B Bue M38rH6a NoOsBsImeTcA HOBax NMomoca ~420 mp. Ona 
ABJIACTCH CJIEICTBHEM He SHJOMOJIeKYJIAPHBIX, a 9K3OMOJIEKYJIAPHbIX B3aHMO- 
eHCTBHK BHEIMHUM NoJIeM SJIeKTPOHOPHbHON CHcTembI BK A’ O2N®CHz2 c duleK- 
TpoHoyonopHon A’KA? CH2®NHe (IV) c o6pasoBaHveM JOHOpHO-akuUenTOpHOrO 
KOMIeKca B pe3yJIbTaTe accoluMaluu (cM. aHaslOrHuHy!o accorMatnto (*)). 

Hanvune 9K3OMOJIEKYIAPHOTO B3auMopelicTBuA B pacTBope Ne 6 nosxTBepx- 
feHo HaOwJ0eHvem 06 yBeHYeHHH GaTOXpOMHOFO CMeIICHHA CIleKTpab HOM 
KPHBOH B OOacTH SK30NO/OCHI: 1) Mp NOBLIeHHM KOHUeHTpauu ot C=10~4 po 
C=10~? m/a, 2)npu mepexoye ot CH2 kK CH2CHg,T.e. kK | ®9-npoussozHomy Ne 10; 
3) Ip LoOaBeHHM B CHUPTOBOH pacTBop H36bITKa KOMMOHeHTH! A’KA? B Buse 
CHs®NH>» wan CsH;NH2 (Ne 9, puc. 1, ra6n. 1); 4) ana cnextpa Ne 10 B annau- 
He (Ne 11, puc. 1). Dror Buwor NOLTBEPKIECH 3HAYHTEJIbHO OOJlee CHJIbHbIM 9HO- 
M aK30apexTom y (I, A?=NMez). Tax xax NMes2 cumpuee NHa2 (Ne 12,Ta6a. 
1, puc. 2), ro nonoca Il* capunynach OaToxpomHo Ha + 10 Mp x 3HaUHTeIbHO 
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SHJIMaCh, a WIA SK3OMNOJIOCbI CMeleHHe rpaHHilbl Morsomlenua mpulg e = | 
}ocTaBiseT ye + 95 nu + 80 mp no orHomeHnvio K NeNe 1 u 2. Uro ator 
Bern ct CJl€EQCTBHE BOSHUKHOBCHHA SK3OMOJIOChI B pe3ysJbTAaTe IK3OMOUIeKy- 
| APHBIX B3aMMOeHCTBHA TO THMY B3aHMOfelicTBHA B JOHOPHO-aKIenTOpHbIx 
OMIJIeKcCaX HHTPOTeJI C ApHaMHHAaMH, JoKa3splBaeTca: HasMunem y NoNe 12 n 


220 300.22«A— 400 500 Me 


: Puc. 1 


220 a 400 500 mye 


Puc. 2 


14 6onee cumaHbIx cmemenut, vem y NeN? 6 wu 9 HW lO CpaBHeHHIO CO CIIeKTPOM 
Ne 15, BBIMHCJICHHBIM JIA CYMMbI KOMIMOHCHT (O.N®CHg -+ CH, PNMe,); 
nosBuennem ya J[O9-npouszoguoro (II, A?—NMez) scHo BbipaxKeHHOrO MaK- 
CHMyMa SK30M0NI0CHI Ayaxc = 430 Mp (€ = 250), HecMOTpa Ha MaJlyIO KOH- 
meutpa mo C = 104/11, 4, HaKOHeL, BOSPaCTAHHEM Exaxe IK3ONONOCKI NO 800 
puc.! 2) co cmelleHHeM rpaHHUbl NOroleHnA MpH Ige =1y0+ 130 mu au 
: 145 mu no oTHomenmo Kk NN 2 u 1 (ra6n. 1) Yas pacrBopa 
Ne 17 B CgH;NMe, (T. €. IPH NPHMeHCHHH KOMMOHEHTHI KA, B M30bITKe Wi 
‘CIBura paBHOBecus B CTOpOHY OoVIbIleH KOHIMeHTpallHn KOMIIJI€KCa). 
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Moi Brgy (Ta6n. 1, puc. 3), aro B cnextpe Ne 12 O2N®DCH2e®NMez B 06- 
uiacTu mojoc I? nw II? umeetcah 3HauNTebHOe OTKJIOHeHve OT KpHBOK Ne 15, 
BBIYHCeCHHOH JIA =CYMMBI. 
KOMNOHEHT, H elle OOsIbilee 
or NeNe 1, 2, uTO yKa3bIBaeT 
Ha SHAYHTeJIbHbIM § scppekT 
JHAOMOJIEKYJAPHBIX B3avM=- 
HBIX BIMAHMM rpymn NMe, 


H NOe: Ave aan Ne 15 
(252 my) cMelleH K KpacHo- 
My Ha + 13 mp, y Ne 12 
CO 3HAUHTeJIbHBIM yBeH4de- 
Huem &€ OT 19000 no 25200. 
Jaa Ne 16 stot adtbext ma- 
maetT (AX + 8M HU Exaxe 
19500), T. e. B Ne 16 3xH70- 
MOJIEKYJIAPHbIe B3aHMojel- 
CTBHA ocjaOeBaloT: BCJe]- 
CTBHe OOJIbulero OTJaleHuA 
3apanos A’-+ ot 6’ —B(II) 
NOApH3aluA CHCTeMbI 
ajipa a yMeHbuIaeTca. 

Tak kak B n-NO2JTOM 
IJIOCKOCTH O6OUX Aep a u 
6 mloBpepHyTb Ha 52° (4), To 
YCIOBHA [A conpsKeHHA 
agep mpH nomomm CHe Ha- 
pywenbl. BeseqcrBue 3Toro 
CHe-rpynna MoxeT B3auMo- 
J[eHCTBOBAaTb, B 3ABHCHMOCTH 


OT NOBOpOTAa Oe€H3OJIbHBIX AEP ,TO C APOM a,TO C ALPOM,O. 3To MOXKET ObITb OOb- 
ACHEHO CYIeCTBOBAHHEM JLBYX MOBOPOTHBIX COCTOAHMM (KOHopMalHit) H MoxeT 
6bITh pelctapieno cxemamu (Va) u (V6) c pa3IM4HbIM NosOKeHveM 
conpsskeHua CHe c oOfHHM 3 AByX asAep ai ulu 6 (6,%-compsxKenne). 
BeegxerBue nomapHoi mpoTuBonosoxHocTu |NOz u CHe, mouoxenne (Va) 


ABJIACTCA Oovlee BLITOLHbIM (OOJIbIIad BeJIMYHHA JHEPrHv_COMpsxKeHMA) H M03TO- 
MY tMpeoOlaarouyuM. 


Puc. 3 


Jla6opaTopHxA XHMHH KpacHTesieH H MpoOJIeMbl WBeTHOCTH Ilocrynusio 
mpH Mockosckom rocyapcTBeHHOM MefarorHuecKoM HHCTHTYTe PRE MMIC TISTos! 
um. B. WH. Jlenuua 
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Hornaagn Akaygzemun nayr CCCP 
1961. Tom 139, Ns 2 


XHMH A 
E. MW. KJIABYHOBCKHHM, axagemuk A, A. BAJIAHMH u 10. H. METPOB 


O PHAPOTEHMSALMH o-KETOKHCJIOT HAJ, KOJIJIOHAHbIM 
NAJIJIAMHEBbIM KATAJIM3ATOPOM 


Hsyaenne acumMeTpuueckoro KaTasu3a Cc MpMMeHeHHeM KaTau3aTOpOB Ha 
OCHOBe ONTHYCCKH AKTHBHBIX HOCHTEJIEH MO3BOJIACT BLIABHTb COOTBETCTBHE KOH- 
burypaluu oOpasyromjelica np peakiMu JHCCHMMeTPHYeCKON MOVIEKYJIbI CTPpyK= 
Type OMTHYECKH AKTMBHOFO COeAHHEHHA, UCMOJb3yeMOro B KayeCTBE HOCHTeEIA 
KaTamusaTopa. Haligenublii panee cbaxT acumMeTpuyeckoro KaTasusa (?) c no- 
MOLbIO KaTaIMsaTOpOB CKUTa NO3BOJIAeT CYAMTb, KpoMe TOTO, O NpHpose upo- 
CTPaHCTBeEHHOTO B3aMMOJeHCTBUA KOJIOMANBIX YACTHIL MeTaJIa KaTasmM3aTopa 
© MOJeKyaMM JIMO@WIbHOrO 3al\HTHOTO KoOJONa. CyllecTBeHHbIM (bakKTOPOM 
IB CO3aHHH TaKMX KOJIJOHHbIX JHCCHMMETPHYeCKHX KaTaJIM3aTOPOB ABJIACTCA 
HaJIM4He CTPYKTYPHBIX OOPasOBaHHH MOJIEKYJI ONTHYeCKM AKTHBHOPO 3alljHTHOrO 
KOJNOMZa C YaCTHUeH MeTAJIJIMYeCKOFO KaTaIH3aTOpa, C OMHOM CTOPOHHI, uC pea- 
rHpyiomleH MoseKyIOH — c Apyrod. SaTHbli KOO“, TaKHM OOpa3som, o6Ha- 
Py2kHBaeT CPYHKUMM DMCCHMMeTPHYeCKOrO HOCHTeIA, OOYCJIOBMBAaIOMero Mpo- 
TeKaHve ACHMMeTpHyeCKOrO KaTau3a (*). Sto cmeqyeT Kak H3 (akTa MpoTeKa- 
| HHA ACMMMETPHUECKOTO KaTasu3a (') Ha TAKOM KaTasIM3aTope, Tak HM 3 TOFO, 4TO 
(HA PMpoBaHhe A-KeTOKHCJIOT C OOpas0BaHveM AHCCHMMETPHYCCKHX G-OKCHKHCJOT 
MpoTeKaeT B Ha¥a/IbHOM CTA B KMHeTHYeCKOl OONacTH. Ecuim Obl ompesensto- 
IMM B MOCTPOCHHM KOJIJOWAHBIX YACTHIL KaTaNM3aTOpPa Obi 3alMTHbI C/OH 
JIMOUbHOrO KOJNONAa Ha NOBepxHocTH yacTuy Pd, a He CTpyKTypHas mpo- 
ICTPaHCTBeHHaA CeETKA MAKPOMOJICKY.I HOCHTeJIA, COCHHEHHBIX C KOJJIOHN HIM 
‘qaCTHIaMM MeTaa (*), TO THpdy3HoHHble PakTOPbI B KHHETHKe Urpau Obl pe- 
IalOULy!O POVJIb. 

' Hamu w3yyanacb KHHeETHKa rHuporenusaluu a-KeToKHcioT. Jlo cux nop 
KaTaJIMTHYeCCKOMY THAPHpOBaHHIO G-KeTOKHCJIOT yeAJIOCb MaJIO BHHMAaHHaA. 
M3pectua paGota Kunguepa u ap. (*), raqpHpoBaBliux C MmpenapaTHBHBIMH Le- 
JIAMH Hal MawaqveBou uwepHbIO eHHJITIHOKCHJIOBYIO KHCJIOTyY H ee 9HupHT, 

Tuporenu3aiua KeTOKHCJIOT MpOBOMach HaMM B Cpese CNHpT — Bona 
pH aTMocibepHOM jlaBIeHHH B HHTepBase 5—40° B TepmMocTaTHpOBaHHO yTKe 
(+ 0,1°) B mpucyTcTBHM KOJMONLHOFO MaaqMeBoro KaTaNu3saTopa C TyMMH- 
apaOuKOM B KayeCTBe 3alHTHOTO KOJWIOWa MPH COOTHOWeHHU Nasmaqulk — 
KOON, paBHom | : 2,3 (Bec.). TymMmuapaOuk Jia ocBoOomwKeHMA OT cover 
TpeqBapuTesbHO MosBepraica siekTpoyuanusy (1000 B, 100 ma) B TeyeHHe 
48 wac. M BbICyUIMBaJICA B BakyyMe: (al) = —29,9° (a = —1,67°, c= 2,866, 
1 = 1,9009, soya). Katanusatop rotosusca cormacHo (°~’). 

VcxoHble a-KeTOKHCJIOTEI TOTOBHIMCb m0 cxeme (°): 


COOC;H; COOC;H; oes Spe 
| | 


| | ArH | | 
COOC,H;> COCL —+»COAr "%->COAr 


| TlosyueHHMie G@-KeTOKHCJIOTHI ObIIM OUMILEHbI OT BOSMOMKHBIX KaTaJIHTHYe- 
CKMX AJOB BCTPAXMBAHHEM HX CIUPTOBbIX PaCTBOPOB CO CKeJICETHbIM HAKCJICBbIM 
KaTasusatopom (1 uac, 10°, 10% Ni of B3aTol KuCNOTHI) M MepeKpucTaM30- 
BaHbl. DeHuITIMOKCHIOBaA KucOTAa MMeva T. mI. 64° (CCl4, Kcusou); a-HapTnu- 
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rIHOKCHJIOBad (OTMeeHHaA OT B-M30Mepa Yepe3 TIHKPaT) uMevla T. nu. 112— 
113° (kcuaon). 


MeHHJTIMOKCHJIOBaA KHCJIOTA THA PHpOBaJlacb B Cpeye CIMpT — BOJla C COOT- © 


HouleHvem 1:2; B-HadTuirauokcuiioBad —B cpefze cnupT — Boga (1: 1). 


Ma H, [mun 
12 
MA Ho [mun 
2 : 
32 6 
24 | 6 
: 5 
3 4 


0 20. ~40~C*«*OS*CSOS*=CS«SOY 0 20. «40~C«*OS*~CSiOSSCSC«aOO 


Cmenens npeépawenur — Cmenens npebpauenua —> 


Puc. 1. 3apucumocTb cKopocTrH rugpupoBa- Puc, 2. 3aBucHMocTh CKOpocTH TH~pHpoBa- 
HHA PeHHJTIHOKCHIOBOH KHCIOTbI OT CTe- HHA Q-Ha*THJITIHOKCHJIOBON KHCJIOTbI OT CTe- 
MeHH MpeBpalleHua B HHTeppase 5—35° NeHH MpeBpauleHuaA B HHTepBaie 10—40° 
(10" mr madgstaqua; 5 MMOsIeH KHCJIOTEI) 
(Kpusax A— rugpupopanue KopHuHol KuC- 

NOTH (25°)) 


KoumuecTBo lpHMeHsAeMOM HCXOAHOH KucIOTH 0,005 mMovia. [uapuHpoBanue mpo- 
BowMocb upH 800 kKayaHHAX B MHHYTY (AuIMHa xofa KayaKu 20 cm). Cnemnatb- 
HbIMH OMbITAMH OblWIO YCTAHOBJIEHO, UTO CKOPOCTb THAPHPOBaHHA He BOSpPacTaeT 
TIpH YBeJIHYeHHH YNCa KayaHuli BHIe 600 KayaHHi B MHHYTY. 
TlomyueHHble pe3yJIbTaTbI 0 


Ma Ho [mun rH PHpOBaHHl0 @-KeETOKHCJIOT ped - 
26l. gees I CTaBJIGHbI Ha pHcyHKax. Ha puc. | 
24| aes oie aah g ate re v2 noka3saH xO, THpHpoBaHus 
20 (PeHHJITIHOKCHJIOBOH,  a-HadTHui- 
‘ TJIMOKCHJIOBOH KH Wid CpaBHeHuA 
I KOPHYHOH KHCJIOT B KOOPAHHAaTax 
me or CKOPOCTb (MHI JIM IMTPbI MOTJIOWLeH- 
es glint I Horo Hy, (H.T. a.) B 1 muH.) — 
i 9 CTeMeHb peBpauleHHaA (B MpolleH- 

3 Tax). 
0 2nd 1h Se By Pee Kak BHHO 43 puc. 1H 2,peaK- 


WMA YTHAPHpOBaHHH KETOKHCJIOT 
0 
Puc. 3. 3apucuMocTb cKopocTu ru~pupopanua or Ha 30—60% ugeT m0 HyvJleBomy 
MCXOMHOH KOHUeHTpanHH KuCHOTHI, 25°, 10 mr Pd: UWOpAAKYy, a 3aTeM CKOPOCTb peak- 
1 — cbenuaravoxcunopas Kucnota, J] —a-nabran- yw yOpiBaeT. M3menHenHe mopsy- 
PIMOKCHJIOBaA KHCOTA Ka peaKkIHH OT HyJieBoro Jo nep- 
BOTO HaxOMHTCH B COMiaCHHh C 
Teopuen ruzporenusauun (°). To, uro Takoe H3MeHeEHHe NPOUCXOANT pH Mason 
CTENCHH IIpeBpalleHuA, OOYCJIOBJCHO CHIbHOH alcopOuHet OOpasyromleroca npo- 
AYKTa peakiun (c.-OKCHKMCOTHI),4yero He HaGsOaeTCA, HANpuMep, pH ruy_pupo- 
BaHuy Hajl KOJWIOMHbIM Maa_HeM STHJIEHOBbIX HM aIleTHJIGHOBbIX COeH- 
Henn (°). 
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_ Upunuas 3a Koucrauty CKOPOCTH CKOPOCTb NOPOMLeHAA BOLOpoza Ha Tpo- 
‘SDKCHMH 30—50% ruipupoBaHusa u Bappupya IPH MOCTOAHHBIX TemMepaTypax 
25°) M KomMuecTBe KaTanu3atopa (10 mr Pd) KoumuecTBa ucxoqHoro BellecTBa 
B 6—8 pas), OblIM NOyyeHbI NpAMuie, H300paKeHHble Ha Puc. 3 B KOOPAMHaTaX: 
| KopoctTs (mu mauTpsi H, (x. T. 4.) B 1 mun.)—KomnyecTBO rHLpHpyemoro coequ- 
ieHHA (B MHI MMOAX). lozyuenupie JaHHbe NOATBEP2XKLaloT HYJIeBOH MOpALOK 10 
‘HAPHPYeMOMy BeLLecTBY WIA HCC/IEOBaHHIX a-KeTOKHCOT. Uccneqopanne 3a- 
3HCHMOCTH CKOPOCTH THAPHPOBAaHHA KHCJIOT OT KOMYECTBa KaTaNHsaTopa (u3Me- 
deHHe KOMYeCTBA KaTasH3aTopa B 8—10 pas) noKasano, 4To peakUHA ueT 0 
IepBOMY NOpsAyKy 0 KaTaslM3aTopy, TO 
‘BHJETEIBCTBYeT O TIpOTeKaHHH peakiHH 
3 KHHETHYCCKOH, a He BO BHellIHeli pHd- 
py3HOHHOK oO6lacTH. 
_ Ha puc. 4 noka3aHa 3aBHCHMOCTb CKO- 
JOCTH THAPHpPOBaHHA (eHUVJITIMOKCHJOBOL 
4 O-Ha@THJITHOKCHJIOBOH KHCJIOTbI OT KO- 
IM4ecTBa KaTasHsaTopa (oT 2 Wo 10 mr Pd) 
Ip MOCTOAHHOH KOHUeHTPallH HCXOLHOTO 
20e€HHEHHA. CreyeT OTMETHTb, YTO JIA 
SeOUMMEHHBIX POPKOHTAKTOM KUCJIOT Cyie - 
°TBY€T MHHHMAJIbHad MpeeIbHas KOHI[CH- 
rpauua KaTanu3satopa (0,8—1,0 mr Pd 
Ha 0,003—0,005 moms xkKucsoTHI), HHKE 
KOTOPOH peaKIHA He HZeT. DITO OOBACHAET- 
2a oTpaBmeHvem (4) MmawbIxX KOJMUeCTB 
KaTamuH3atopa. JIA OUHINeHHbIX (CbOpKOH- 
TaKTOM KHCJIOT TIpPAMaA 3aBHCHMOCTH CKO- 
PpOCTH OT KOJIM4eCTBa KaTaJH3aTOpa MIpH- 


O12) 4066) 6) 1 mea ania we 


Oo 


Puc. 4. 3aBHCHMOCTb CKOPOCTH rHy~pHpo- 


XOJHT B Hayao KOOp_uHaT (mpsmple / u 
I] puc. 4). Weppem nopayok mo kaTawn- 
3aTOpy H HYJeBoH 0 rupHpyemomy Belle- 
CTBY HaleH JA THApHpoBaHHA HUTpocoe- 
MUHeHHH Ha KOJJIOW“AHOM Namnagqun (2). 


BaHHA G-KETOKHCJOT OT KOHYeCTBa KaTa- 
au3aropa. / —a@-nadTusiriMoKcHioBaxr 
KHcIoTa (25°, 5 mmosiel), J/ — a-nad- 
THJIPIHOKCHIOBaA KHCOTa He OUMIIeH- 
Had  (bopKouTakTom (25°, 3 MMos), 


III — a@-HaTusarinoKcusoBaa KHCOTAa 
(40°, 3 mona), JV — dhenuarnanoKcu- 
Jlopas KHcsoTa (25°, 5 MMovieii) 


TemnepaTypHax 3aBHCHMOCTb CKOpo- 
CTH THApHPOBaHHA G-KeTOKHCJIOT mpel- 
CTaBueHa Ha pc. | uw 2. 3a KOHCTAaHTbI CKO- 
[POCTH MpHHUMaJIaCb CKOPOCTh NOPOUe HHA 
BOOpowa, COOTBeETCTBY!IOMaA yuacTKaM Cc Hy.leBLIM NopsyKOoM. M3 nosmyueu- 
HbIX J@HHbIX NMOCTpoeHb! mpAmbie AppeHuyca H BbINMCJI€HbI SHEP aKTH- 
Batluu, papupe 9,0 KKan/mMonp (e/lgk, = 1,17-10°) gua cexnuaraMoKcuuo- 
Boi u 14,0 xKan/mMonp (e/lg k, = 1,99-10°) gua a-HadruaravoKcHoBol 
IKHCJIOT. 

Tlomyyenupie aHHble MO KHHeETHKe THAPHPOBaHUA G-KeTOKHCJOT mpelcTaB- 
JIAIOT, MHTepec JIA MOHUMAHUA TOHKOM CTPYKTYPbI KOJWIOHJHOTO KaTasMsaTopa. 
Mexauw3M 3alllHTbI 30.leH MeTaJIIOB OObACHAeCTCA B 3HAYMTeIbHOM CTenMeHH 
‘HaJIMYHeM CTPYKTYPHBIX CeTOK, OOpasyIOUUXxcA Me*KLy rHApopoOuLIMu U ruypo- 
ube 30amu (*,!°). Ha nopepXHOCTH waCTHIL MeTasa ancopOupytoTcs 
OTICIbHLIC 3BeEHbA (IpeHMyuleCTBeHHO (YHKUMOHAJbHbIe TpyMMbl) MaKpomoue- 
KYJI 3alMTHOrO KOJMO“La, MpHueM HX OPHeHTalMA — NpOMeKYTOUHAA Mer*KLy 
«JI9HTMIOPOBCKHM YaCTOKOJIOM» H MJIOCKOCTHBIM PpacnoJlOx*KeHHeM —NIpHOMMKAeTCA 
‘k W-o6pasuHoii (14). Buarogapa 3TOMy 4aCTb MOBEPXHOCTH KaTasM3aTOpa OCTAET- 
‘CA CBOOOMHOH M Ha STHX y4aCTKax, TOUHee Ha 30HaX Pasfela MeTAaJJI — HOCH- 
Te/lb, MPOUCXOAUT KaTaMTHYecKad peakuuaA. Hasmunem Takux yuacTKOB Ha 
MOBepXHOCTH KaTaM3aTOpa OOyCJOB/IeHO MpoTeKkaHHe peakUMH THApHpoBaHUA 
B KMHeTIYeCKO OGuacTH, TIpHueM Jake Mp MOBbIMIeHHOH Temnepatype (40°) 
u BbICOKOM CKOPOCTH MOTOWeHHA BORopoka (THAPHpoBanHve CeHHJTMOKCH- 
JOBOI KUCJOTEI) He ObIIo OTMEYeHO Mepexowa BO BHEeIHeAUppy3HOHHY10 OONAcTD. 
. Tloppimenve TemmepaTypbl cmocoOcTByeT paspbIBY CTPYKTYPHBIX C€TOK, BbI- 
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3bIBaA TEM CaMbIM KOAFyJIAMHIO KOJJOWAHOTO MeTadua. B cayuae KOJIJIOMHBIX 
KaTaJIM3aTOPOB 3TO JOJMKHO COMPOBOKMATLCA CHH2KEHHEM CKOPOCTH peakUMH 
Vi MOBbIMeHHEM pou Luddy3HOHHIX PakTOPOB B KMHeTHKe peakuni. B uccue- 
JlOBaHHOM HHTepBasie Temnepatyp (Wo 40°) Hamu He OBO oOHapy2KeHO naweHud | 
CKOPOCTH 3a cueT WHdpy3HOHHEIX (PaKTOPOB, YTO BHAHO M3 KPHBOH 3aBHCHMOCTH 
CKOPOCTH peakIUMH OT KoMMUeCTBAa KaTasusaTopa pH 40° (kpuBaa /// Ha puc. 4). 
CneoBaTesIbHO, BO BP€MA OMBITOB KOaryJIAWMH KaTasiM3aTOpa B 3aMeTHOH CTe- 
MNeHH He MpOucxoLHuo. 


Muctutyt opranuyeckoH xHMHH HM. H. JI. 3emuncKoro Tloctrymusio 
AxkajlemHH HayK CCCP 4 IV 1961 
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Joxrnaygn AkawemMmun Hayk CCCP 
1961. Tom 139, Ne 2 


XHMHA 


M. 10. JIYKHHA, C. B. 30TOBA, M. A. MAPKOB, 
B. A. OBOJIOBA u axanemuk B. A. KASAHCKHM 


MPEBPAINEHHA W3OMNPONEHHJIWNK JIONPOMNAHA 
B MPHCYTCTBHH KHSEJIBrYPA 


Panee HaMu OblIO NOKa3aHO, ITO TpeX4JIEHHOe KOJIbUO AIKHJMMKJIONpONaHoB 
B MPHCyTCTBHU Wesoro pxAa KaTaIM3aTOPOB CPaBHUTeJIbHO JIETKO paCKPpbI- 
BaeTCs NO CBA3H, JIe2xK allel PAAOM C 3aMeCTHTeJIEM, IIpHueM COpasyloTCA OWe*PuHEI 
C OTKPHITOH wenbi0(1,”). leppai mompirka H3yYeHHA NOBeAeHHA B STHX YCJIOBHAX 
yrvleBOLOpoOsOB pala WHKNONpoMana, B KOTOPbIX KOJIbILO COMNPAKeHO C ABOMHOL 
CBASbIO, Oblia HeyauHOH, Tak KaK B CaMOM Hawasle ONbITa KaTaM3aTOP MOMHO- 
CTbIO OTPaBJIAJICA MpOLyKTamu pe- 
akuuu (°*). ue 2 

B uactosmeh paOoTe, mpoBola 
KpaTKOBPeMeHHEIe OMIT] WH aHaJlH- 
SHPyA KaTaMsaTbI C MOMOMbIO razso- 7 
MKUIKOCTHOH XpomaTorpaduy, MbI 
CMOrIH H€CKOJIbKO Ooslee NOApoOHO 
H3yY4UTb HOAOOHbIe MpeBpallleHHA Ha 
MpHMepe M30nponeHxHJlNKoMpoma- 

Ha. Oka3asiocb, 4ToO B IpHCcyTCTBHH 0. 20. 40° G8. © 8G e100 mio dud may 
KH3eJIbBrypa B OMHHX MW TeX *Ke yc- , 
JIOBHAX AJIKWJIWMKIONponaH HU «CcO- oe Ey es ese 
ee | OOP para WK ARuaaiinitgnDOha 32 ticks itEiraimencie 
Jompomana BelyT ceOA COBepleHHO unc, 4— 2-meruanentannen-1,4 
-pasmmuHo. Tax,npu 100° usonponua- 

WukIONponay Ha 30% npeTepneBal U30MePH3allHiO B OJeHHbI, IPHyemM Bec M0- 
JIYYeEHHOTO KaTaH3aTa COOTBETCTBOBA BeCYy B3ATOFO B peakiiMio yrvieBowopola. 
B Tex »%e ycmoBuAx (Ha CBexKemM KaTaM3aTOpe) H30MpONeHHMAKMONpomaH 
B 30-MHHYTHOM OMbITe Jabal JHUIb HE3HAYHTeIbHOe KOJIMYECTBO HKHAKOTO Ka- 
Tanusata (8% oT Beca HCXO_HOrO yrueBosoposa) u cBbILe 90% — nomuMepa, 
SajlepxKUBaIOMeroca Ha KaTasiu3aTope. 

IlouumMepHbli MpokyKT slerko OTJeNAJICA OT KaTaIH3aTOPa C MOMOLIbIO 
SKCTparupoBaHuA A-MeHTaHOM MH MpelcTaBia coo rycTy1o OvuleqHO-2xKeJITYIO 
CMOJIy C IPHATHbIM XBOMHEIM 3anaxom. IIpeqnosaraeTca B abHelWem Uccue- 
JLOBaTb NOMHMep OCovlee MOApoouo. 

AHaIu3 HKUX KaTaH3aTOB NOKa3al, YTO OHM COfepxKAaT He BOLIEMNHH 
B peaKWMIO M3ONPONeHHIMUKJONponan, a TaK 2%Ke BCe BOSMOXMKHbIe 2-MeTHIMeH- 
TallueHbl. KoJMYeCTBeEHHbIM COCTaB KHIKUX MpOAYKTOB peaKUMH MPHEBOLUTCA 
B 9KCIEPHMEHTAIbHOM 4acTH, OHaKO 3TH WaHHble He HMEIOT OCOOeHHOTO 3Haue- 
HMA, TaK Kak B IIpHCyTCTBHH KU3e/Ibrypa ABOMHNbIe CBA3H B WMeHAaX MOTYT Tepe- 
ABHraThca. 

Ilo mepe o6pa30BaHuA MouMepa, OCcTalolleroca Ha KaTaMsaTope, mocwey- 
HH TepsJI CBOIO AKTHBHOCTb, YTO MOXHO Obi HaOJIOLaTb Mp MpoBeeHuH Oo- 
Jee JIMTeIbHBIX OMbITOB. Tak, B 200-MHHyTHOM OMbITe COOTHOIMIEHHe BeCca KU]- 
Koro KaTaJM3atTa H MouMMepa (no mpuBecy KaTaJM3aTopa) COCTaBJIAJIO yKe He 
8:92, xax B 30-munyrTHom onpite, a 53: 47, H OOM MpoleHT NpeBpaute- 
i W3ONPONeHHMIUKOMporana He MpeBpliuan 70%, BMecTO 93%. 
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Hasmuve B KaTawu3aTe 2-MeTHJIMeHTaMeHOB MOXKHO OGbACHHTb H30Me- 
pu3allveli TpeXyeHHOrO IWHKAa M3ONPONeHHWHKJONponana mo caenyioutelt 
cxeme: ‘ 


\cH.7% | =a | Ya | | | 

CH, CHs CH GH: Cie CHs 

2H ay : 

Osh Ca 086 = : = CH; + CHs— CH = CH —C = CH, unc-u Tpauc- 

| 
CHs CH3 | 
Tlonumep — oCHOBHOH MposyKT, nowyyatouniica npH B3aHMOgelcTBUH H30- | 
MpPONMeHHJIMHKMONpoNaha HM KH3e/Ibrypa, MOXKET OOPasoBaTECA WH H3 MeTHO- 


eH, SiCH = Ges6n. as Dm ci ars 


6 2 


m6 ! 
a 
7) 
a 
/ 
| 
' 
as i 
0 2G 40 60 mun, 0 20 40 60 80 100 120 160muH. 
Puc. 2. XpomaTorpamma 2-Me- Puc, 3. XpomaTorpamMa kKaTaJlu3ata, nmody- 
THJIneHTamveHa-1,3. /—2-me- YeHHOTO IIpH KaTaH3e H30NpOneHHALHKJIO- 
THAMeHTaqHeH-1,3 TpaHc, 2 — mponana mpu 100°. /—2-metunnentannex- 
2-meTHJIneHTamqveH-1,3 myc 1,3 TpaHc, 2 — H30NponeHuuHKonponaH, 


3—2-metusneHTamHen-1,3 wHc, 4— 2-merua- 
meHTtayHeu-1 ,4 


neHTaqHeuHoB-1,3, T. €. KAK BTOPHUYHBIM MPOAYKT peakIHu, WIM Ha NPOMeKyTOU- 
HOH CTaqHW peakUMH, LO cTaOHM3alHH HOHa KapOOHHA, KOTOpbIN CaM MOET 
ABJIATbCA M€PBOHAYAIbHbIM WeHTPOM NOJHMepH3salHH. OKOHnYAaTeJIbHO CYUTb 
O M€XaHH3Me peaKIHH Ha OCHOBAHHH IKCIeCPHMCHTAJIbHHX JAHHbIX, MOJIYYCHHbIX 
B HaCcTOsMleH paOoTe He MpelcTaBJAeTCA BOSMOKHbIM, MOSTOMY Mbi Tpesmoa- 
raeM TpOAOMKUTb STH HcceqoBaHuA. Cam tbakT HHTEHCHBHOM NOJMMepHsalluH, 
HMeIOULHH Me€CTO IIPH KOHTaKTe «COMPA2XKXeHHOTO» WHKJIONPONaHOBOTO YIvIeBO- 
Jlopoya C KH3eJIbTypOM WMeeT, MO HallieMy MHEHHIO, 3HAYHTeJIbHbIM MHTepec, 
Tak KaK CBHIeTeJIbCTBYe€T O MOBbIINeCHHOM PeaKWHOHHOHM CMOCOOHOCTH TaKHx 
CHCTeM. 


QKCNeCPHYMeCHTANbHAA YACTSL 


1.Cuute3 uw cpohictBpa yraeBoxzopogos. Mso0nponexua 
WHKJONponaH Obll MOJyYeH eruspatauen TUMeTHIUAKONponHIKapOuHoa 
m0 paHee omHCaHHOK meToyuKe (*). M30nponuaunkKsonponad noyyaica PHApH- 
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‘J}oBaHHeM H30NponeHHWMKNONponanHa B aBTOKJIaBe Hal MeHO-XPOMOBBbIM 
Jatanusatopom npu 100—130°. 2-mernusmentaquen-1,4 uv cmecb cTepeou3omep- 
ibix 2-MeTHINeHTaqHeHoB-1,3 (STaNIOHbI, HEOOXOHMbIe WIA anasH3a KaTaJN- 
Jaros), Nomyyaiuch pasroHKO Ha KOJIOHKe MpOAyKTOB MHposmH3a alleTaTa He- 
({pelebHOrO CNHpTa, CHHTe3HPOBaHHOTO H3 MeTaJIMIXMOpHAa UH alieTabye- 
wa. 

KOHCTAHTHI MOJTYYeHHBIX YrIeBOAOPOAOB, a Take JIHTepaTypHbie MaHHble 


(0 KOHCTaHTaM IIpHBeseHbI B Tab. |. 
Pra Ginn mace! 


Yraepoyzopoyr i Pervseinu ne ts 
Msonponenn- 10,3 4, 4255 0,.7513 
WK IONponan 70,33* 4 ,42550* 0), 75153* 
H3o0nponus- 58,2 1,3863 0,6981 
WHKONponan 53,00" 1 ,38639* 0,69829* 
4 2-Metuamenta- bono 1,4057 0,6928 
quen-1,4 Nehuts 1 ,405** ,694** 
Uuec-, Tpanc-2-mMeTH1- TAS 1, 4462 0,7207 
neHtTaqueu-1,3 7TO%* 1 ,446** 0,719** 


* Tlo(5). **Io(8), 


2,.MetTogquka paoorh. KatasmutTuyeckne OnbITbl! MPOBOANIHCb 10 
oMHCaHHOH paHee meToguKe ('). B KauecTBe KaTasIM3aTOpa yHOTpeOAVICA KH- 
pelbryp «KucaTuOn» B KoHuecTBe 10 Mi, MpeqBapHTebHO NporpeTH mpu 120° 
3 TOKe a30Ta JO NoHOro yaanenusa Baru. Ja KaxKLOLO OMbITA HCHOMb3OBaIACb 
HOBaA NOpWHA KaTaHu3aTopa,OObem- 
Had CKOPOCTb TpolycKaHHA yrvieBo- 
fopoya Ha KaTaJIu3aTOpoM BO BCex ; Cocrapne- | Ompezeneno 
x oy YraeBpoxoponpt o,| MO xpoMarTo- 
omyyaax Obiia papua 0,2 uaca“t, HO, Bec. “bl namme, Bec. % 
IIpu xpomatorpadupopaHun Ku - 
KOH (a30H Cy KW HaCbIIeHHbIH 2-Metusnentaquen-1,3 


Ta6auna 2 


PacTBOp a30THOKHCyIOro cepedpa B Tpaue, 36,2 a 
7 8 WHC- ’ 

rinlepHue ( »)s BKa¥eCTBE HOCHTENA 5 Mer nnenranuen-1,4| 20,3 219 

KMaTOMHTOBbIi KUPIH4Y C Ppa3Me-  YsonponenumHKs0- 

pom yactuy 0,25—0,5 mm. Ha npu6o- nponaH 43,5 42,1 


pe Obl ycTaHOBIeH eTeKTOp M0 

TenonpoBozHoctH. AnaH3 mpoBomuica mpH 40° Hw. CKOpocTH ra3sa-HOCHTeIA 
(a30T) na Bxoge 30 ma/mun. B Ta61. 2 u Ha puc. | MpHBe_eHEI pesyIbTAaTHI Xpo- 
Matorpacuyeckoro ONpefevIeHHA COCTaBa HCKYCCTBEHHOH CMeCH, MIPHTOTOBJIeH- 


IpEVomoucivel (B 


Bec A 
' Aau- mpony- pupBec 
' TeJIbH. uleH. Bec ka-|  xara- IIpe- 
Yraepogopor onbita, | yraeso- | T27H38a-| qygato- ee 
MHH. qopo- Raye) |ietp ase ors. 70 
qa, 0 
Hso0nponusmuksonponak 60 1,70 40 — 30* 
Msonponennsuuksonponan 30 0,75 0,07 | 0,69 | 93 
Ms3onponenn unk sonponax 200 6,50 S500) oe hO) 19 70,.0 


] 
7 * Onpegenenne onepuHOB B 3TOM OMILITe MPpOBOAHMOCh CNOMOMIbIO OPOMHDIX UHCeN. 


hon H3 MOJIYYeHHIX HaMH yrsleBoqopoyoB. XpomaTorpamMa cmecH 2-MeTHINeH= 
TaqueHos-1,3 Wawa Ha puc. 2. Ona NoKasbiBaeT, YTO CMeCb cosepxKuUT 89,3% 


Tpaxc-usomepa wv 10,7% wuc-H30Mepa. 
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3. KatTanmuTHuueckue ONHTH. JaHuHble, nomyyeHHble mpu K 
TaJIMTHYeCKHX OMbITaX, IpHBeseHb! B Tab. 3. OnbiThl mpoBoyuaucb mpu 100° 
Jlanuple Ta6J1. 3 MOKa3bIBaloT, YTO B OMHHX HM TeX Ke YCJIOBHAX TpeBpauleHu 
B Clyyae H3OMPONeHHJIMUKJIONpONaka MpOXOAAT 3HAYHTeJIbHO OoIee HHTCHCHBHO 
YeM B CuIydae H30NponUMMUMKIONponana. Bec *XUAKOTO KaTaH3aTa B 3TOM CJ 
yae He COOTBETCTBYeT BeCY HCXOAHOFO yrvlepofopofa, TaK KaK YaCTb MpoOsyKTi 
peakUHH ocTaeTCA Ha KaTaJu3a 


Ta6auma 4 Tope B Bue MowHMepa. C Teye 
ts ae lon HH€M BDeCMeCHH ITIPOWeHT IIpeBpa 
be 150° ICHHA NasaeT, BCJIeTCTBHE OTPaB 
Y raeBoxOpompl 
ne nepBbie|BToppbie |200 mMuH.|30 MHH. JI€HHA KaTaJIH3aTopa. 
30 mHH.|30 MuH.| paOornl | paOoTbi CocTaB MKUAKUX KaTaJIu3aTO 
(B M[poOleHTax), MOJTy4eHHbIXx 
M30nponennu- OMbITaX C H3OIMPONeCHHJIMLANKJIONpO 


WMKsIoNpomaH teh) | BBE) yA) |) aO)s0) 
2-Merusnenta- NaHOM 3a pda3JIMYHble NepHor 


quen-1,3 Tpanc 1740) 0,25) 955 athe 2oe2 paodoTbl kaTalusaTopa Mpa pas 


2-MeruvineHta- JIMUHbIX TeMMepaTypax, mpuBeze 
: mae WHC 2,8) 1,0) 8,0 | 18,8 pBTa6n. 4. Stu panHBe moKa3bl 
-MeTHJINeCHTa- ; 
a 
acne 7,1 4,6) 34,0 | 20,5  BAaloT, ¥TO BO Bcex oMmbITax B KH: 


He pacumpospano 0,5 O27 0,0 4,4 KHX KaTaJIM3 aTax TIPHCYTCTBYI07 
pa3JIMUHbIe = 2-MeTHJIMeHTaHeHBI. 
IIpH¥eM COOTHOLWIe€HHE U30MePOE 
MCHAeTCA B 3ABMCHMOCTH OT BpeMeHH paOoTbl WH TeMMepaTypbl peaKkUHH. IIpu 
150°, tomumMo 2-meTHINmeHTaqveHoB-1,3 u 1,4, B 3aMeTHOM KOJIMUeCTBE TIOAB- 
JiseTCA HepacuiM@popaHHan mpumecb. MoxHo npesqmouaratTb, 4TO 3TO 2-MeTHII- 
NeHTaHeHbl-2,4, OOpasoBaBlUIHeca B Pe3yJIbTATe NepeABUXEHUA IBOWHOH CBA3H 
B 2-mMeTHINeHTaqHeHe-1,4. 


X poMaTorpamnMa KaTau3aTa, mouyuyeHHoro mpu 100°, nana Ha puc. 3. 
? 


MacTutyT opranuyeckol xumun um. H. J. 3emuucKoro Tlocrynuso 
AkajlemuH HayK CCCP 3 IV 196) 
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Hoknags Anrafqemun nayr CCCP 
1961. Tom 139, Ne 2 


eet 
_~ 


XHMHA 


B. M. MHXAMJIOB u JI. C. BACHJIBEB 


PEAKILMM AMBOPAHA HM AJIKHJINMBOPAHOB C J9@HPAMHM 
BOPHOM HW AJIKHJIBOPHbIX KHCJIOT H HX THOAHAJIOPAMH 


(ITpedcmaeaeno axademukom B. A. Kasancxum 28 II] 1961) 


_ Oyun “3 Hac v4 Jlopoxospim (1) 6bI10 HaiiqeHO, UTO MpH elicTBuH ZuOopana 
[a SPUPbI AMapHJOOpHLIX KHCOT OOpasytoTca MapHHOOpaHHl H OpTOboparEt. 
* IlpofomKaa uccneqoBanne peakuui WuOopana c GopopraHwuecKMMH CoedH- 
leHHAMH, MbI OOHAPYXHJIH, YTO IPH B3aMMOJeHCTBHA AMOopana u 3ScdupoB Auau- 
‘(MJIOOPHBIX KHCJIOT MpH KOMHATHOM TemnepaType BMeCTO OMHaeMbIX TeTpa- 
WIKHJIZHOOpaHos H 3PupoOB OOPHOH KUCJIOTHI C XOPOLWIHMN BbIXOLaMH OOpasyioTca 
| @upbl alKMAOOPHEIX KHCJIOT H TeTPaaIKHALHOOpaHbl CoracHo CueLywuUleMy 

‘PaBHeHHW: a 
1) 8R2BOR’ + B2He > 4RB (OR’)2 -+-3(ReBH)o. (1) 


WexaHH3M STOM peaKUHH COCTOHT M3 pHa NOCMeEAOBATEJIbHbIX H MapaJJIebHbIX 
[peBpallleHHH, 3aKOUaIOINMXCA B 3aMelleHHH aTOMa BOLOpoya B AHOopane 
iI €rO MPOH3BOAHBIX Ha aJIKOKCHJIbHbIe WIM aJIKHJIbHbIe payMKaJIbl. 

. Ileppoe HanpaBieHnwe HayabHOH CTaqHH peakIHH 3akKJiouaeTCA B OOMeHE 
iTOMa BOJOpOa BAMOOPaHe Ha aJIKHJIBHY!O rpylly, B pesy/IbTaTe Yero OOpa3y- 
OTCA aJIKHaIKOKCHOopaH H aKHIOOpaH: 


ye 
R2BOR’ + BH3 > RB + RBHg. (2) 
OR’ . 


D6pasyrouHiica mo (2) aJuKHaIKOKCHOOpaH 3aTeM MCMponopuMoHUpyetca 
8 SUP aJIKHJGOPHOH KUCJIOTHI HW aJIKHOOpaH 


I H 


2RB + RB (OR’): + RBHa. 3 
Nor’ °) 


_ Ypasuenusa (2) u (3) aBaatoTca CXeMaTH¥eCKHM H300parKeHHeM MpoLeccos. 
3 melicTBUTeJIbHOCTH H STH, HM BCe PaCCMaTPHBaeMble HHXKE PeaKIHH MPOTeKAIOT | 
» yyacTHeM JMMePHbIX MOJIeKYJI C TPEXICEHTPOBbIMH CBASAMM, OOpasyembIMH 
iToMamMu 6opa u BOMOPONA, a TAKXKE AJIKUJIbHbIMA M a/IKOKCHJIbHBIMH TpynmaMu. 
Pax, ypapnenus (2) u (3) ceqoBaso Obl H300PasuTb CeLyIOUlMM OOpa3som: 


; H. ah se | H , OR' 
Bex + R,BOR’ —> eS + BH 
NSN SS: 
Nae w<S vi rN 
aN H Wa W/o Nor’ 
Ry H R 
me Ny vi 

—>-RB(OR'), + R-BC 
va a. : 


y ——— er 
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Aakxun6opan (3), Kak coeqHHeHHe, cosepxaujee cBa3b B — H, B cBoto o4 
pellb MOXKET BCTYMATb B PeaKIHH C ScPUPaMU AHAMKUOOPHBIX KHCJIOT, OOMeHHBA 
aTOM BOMOposa Ha aJIKWJIbHy!O rpymny: 


ve 
RsBOR’ + RBH; > RBC -+ RoBH. (4 
OR’ 


Takum oOpa3om, B pe3ysbTaTe peakuuu (4) nomyyaloTcA AMaKuICOpaH 
JIMMepH3yIOMMlica B TeTPaaKuI{NOopaH, HW aJIKMJIaIKOKCHOOpAaH, MpeBpamato 
mnlica m0 (3) B sup alKHIOOPHOH KUHCJIOTHI M aIKMOOpaH. 

Bropoe HalpaBsleHHe NepBHYHOH peaKIMH 3akJOUaeTCA B OOMEHE aJIKO) 
KCHJIbHOM Ppynmbl B 9pupe WHaJIKUMOOPHOH KHCJIOTbI Ha ATOM BOZOpona, B pe 
3yIbTaTe Yero MONyuaIoTCA AMaKUNOOpaH WH amKOKCHOOpaH: ; 


R2BOR’ + BH; > R2BH + R’OBHz. (5 


AnkokcH60paH MOxeT peTepleBaTb pa3JIMuHbIe MpeBpaulenua. Tak, pea 
rupyA cobvpaMu HaKWIOOpHbIX KHCJOT, OH MpeBpalllaeTcA B aKa KOKCH 
OopaH 

H 


oll 
R2BOR’ + R’OBH,: = 2RB , (6 
OR’ 
aero peaKUHA C [HaIKHOOpaHOM IIpHBOJMT K aKHOOpany H aK JaIKOKCH- 
Oopany | 
H 


VA 
R»BH + R’OBH; > RBH: + RB ; (7) 
< | 
OR’ 
Kpome Toro a/IKOKCHOopaHbl MOryT pacnayaTBca Ha OpTOOopaTHI H WHOopaLH 
(uepe3 cTayjuio O6pas0BaHHA LMalKOKcHOopana) (7) No cileqyrouleMy ypaBHeHHI0: 


R’OBH2 = 1/3 (R’O) 3B + 2/sBHs. (8: 


Vs jevicTBuTeJIbHO, B HEKOTOPbIX OMbITAX IPH pa3roHKe IIpOAYKTOB peaKkHy 
VNaBaJlOCb BbIJeHTb HeOOJIbIIHe KOJMYeECTBA OPTOOOPATOB. 

CreoBaTeJIbHO, H Ip 3TOM HavaJIbHOM HalipaBJeHHH peakuHH (5) mponecc 
B KOH€YHOM CueTe 3aBepliaeTCA OOpa3s0BaHHeM TeX %Ke KOHEYHBIX MPOLYKTOB 
TOCKOJIbKY aJIKHOOPaHbI HU aJIKUJaIKOKCHCOpaHbl TipeBpalllaiwoTca B JaibHeH 
eM 10 ypaBHeHuam (3) H (4) B S*bup aKHJIOOPHOH KUMCJIOTHI M TeTpaaIKHJI DH 
OopauH. 

Jjamee MbI HCCIeqOBaIH peakUMH OpToOCopaToB c amKuCopaHamH. Bai 
HaHJeHO, 4TO TeTpaaJIKHJIQuOopakbl, NOJIyYYeHHbIe HaMH paHee H3 AuOoOpani 
u OopTpHankusos (*), pearnpyloT Cc OpTOCGopaTaMyv, Meqe€HHO Mp KOMHATHO! 
TemmepaType H ObicTpo IpH yMepeHHOM HarpeBaHuH (60—100°), c o6pasoBannen 


SHPOB aJIKHOOPHbIX KHCJIOT C BbIXOoqamH OKOsIO 80% cormacHo cuelyrouleM! 
y paBHeHulo: 


(R:BH). + 2 (R’O)sB > 3RB (OR’)2+ 1/2 (RBHs)>. ( 


HauajbHad cTaqua STOH peaKUMM 3aKsIOUaeTCA B OOMeHE ATOMA BOOPOL. 
B TeTpaaikH{HOopane Ha awKOKCHJbHYy!IO rpynny: 


R2BH + (R’O)gB > ReBOR’ + (R’O)2BH. (10 


Bropad TeopeTHueckH BO3MOx%xKHaA peakIMA — OOMeH aKHJIbHOH pynnbl H 
aJIKOKCHJIBHYIO — MaJIO BeEpOATHA, TaK Kak TOfOOHCe TpeBpallleHHe, Kak 9T 
H3BeCTHO H3 UCCJIeOBAaHHH peakKUMH MexKZY OopTpHaskKNamMu HU OpTOoopats 
mu (*,°) Tpe6yeT GOomee BbICOKOH TemnepatypEI (~ 200°). 

Jlalbuehine NpeBpauleHud SUpOB AMaNKUAOOPHBIX KUCJIOT H LMasKOKCY 
Oopanos (10) aHanorMuHbl peBpalleHHAM, ONMCbIBAeMEIM ypaBHeHuamu (6)- 
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if'), (3) —(5), B pesyabTate uero oOpasy1otca sup anKuAOopHOH KHCAOTH Hu 
ajIKHIOopaH. Bce BbiuenpHBefeHHbIe peaKIIHH ABJIAIOTCA OOpaTHMBIMH. 
eakuna (1), HaNpHMep, MOXeT ObITb CMeleHa B CTOPOHY OOpasoBaHHaA supa 
{aIKUNOOPHOW KUCJIOTHI, CCIM H3 peaKUHOHHOH MaCCbI yLanATb WuOopanH. Tak, 
OH KHMAYCHHH B TeyeHHe 4 Yac. TeTPa-AH-pONHMOopaHa HW TUMeETHOBOrO 
pupa H-IpOmHOOpHO KUCJOTHI BbIZeIHIOCch ~ 50% AHOopaHa, a pH Mepe- 
W)HKe TIpOMYKTOB peaKIHH, MpelBapHTebHO OOpaOOTaHHbIX AHWJIMHOM, C TeM 
€ BbIXOJOM Obl NowyyeH MeTHJOBbIt Sup AH-H-mponmMOOpHOH KHCJOTHI: 

3 (ReBH)2 --4RB (OR’)s 2 8ReBOR’ + BoH, (11) 

[Re = HEC AIEIAG IRY = Chilly 


JOpaTHMbIM ABJIAeTCA TakKe IpeBpallleHHe AualKuIAMOopaHa B AMOopan u 
eTpaasKuJIHOopaH 


2ReBoll, 2 Rabols —- Belic. iz) 


TosToMy, eCIH TeTpaaikusfHOopaH H OpTOOopaT HarpeBaTb Ip KuMeHuH, 
(0 B pesyJIbTaTe peakIHA poet He no (9), a mo cCuleqyrolleMy ypaBHeHHIO: 


3 (ReBH), + 8 (R’O)sB -> 12RB (OR’)2 + BoHe. (13) 


aK, IPH KHMAYeHHH TeTpa-A-lponuZHOopana HW MeTHIOOpata B TeyeHHe 2 Yac. 

bijemusocb 100% azuOopaHa, cunTad Ha ypaBHeune (13), a mpH neperoHKe mpo- 
YKTOB peaKUHH Obl NOJyYeH TJHMeTHJIOBLIN SUP A-MpONHJIOOPHOH KUCJIOTHL 
BbIxoZomM 80%. 

Hamu Oblvio TakxKe HaWeHO, 4TO AHaIKHIQHOOpaHbl pearupywT c OopTpu- 
JKHIaMH C OOpa3s0BaHHeM TeTPaaKULHOOpaHOB. ITO alo HAM BO3MOXKHOCTb 
POBeCTH HeKOTOPble HHTepecHble peaKIWMH B IIPHCyTCTBHH KaTaJHTHYeCKHX 
(OMHYECTB TeTPaaIKHIAMOopaHoB MexkLYy OCOpTpHa/IKUaMH, OpTOOopaTamH HIM 
upamu aKuMOOpPHbIX KHCJIOT, OHA H3 KOTOPBIX Oblla y2xKe OTMeYeHa HaMH 
| WpeqBapvTembHOM coo6meHHH (°). 

Kak yxxe ObluIO CKa3aHO HaMH paHee, OOPTPHAaJIKMJIbI MeJJICHHO pearHupytorT 
oOpToOopaTamMu MIpu Temuepatype oKoI0 200°, mpH4yemM B 8aBHCHMOCTH OT xa- 
MaKTepa AJIKHJIbHOM rpynnbl B OOPTPHaKMe OOpasyloTcA S@Upbl aJIKUJI- WIM 
‘MaskuNOopHbIx KucTOT. [Ipopeyenue 2TOM peaKIHM B IIPHCYTCTBMM KaTaJUTH- 
lecKOrO KOJIMUECTBA TeTPaaIKHILHOOpaha MO3BOJIAeT ObICTPO IPH yMepeHHOM 
farpepanuu (60—100°) nomyyaTb scupbl aJIKHJIOOPHbIX KUCJIOT C BbICOKUMH 
sbixofamu (70—90%): 


RsB + 2 (R’O)3B 


(RB 


| SRB (ORs, (14) 
PeakUHA CBOJHTCA K B3AHMOJeHCTBHIO TeTPaaKHJQuOopana uM OpTobopata (9) 
4 MOceLyIoulemy MpeBpallleHuio OOpasoBaBllerocaA TMaIKHJZMOopaHa H UCXOg- 
joro 6opTpHankula B TeTpaaikusquOopaH. Takum myTem TeTpaaiKussHOopan, 
kaTaiusupyx mpouecc (14), pce Bpema perenepupyetca. Takum xe nyTem Suppl 
[uakunOopHbIX KUCAOT C BBICOKUMH BEIxoZamu (70—90%) MoryT ObiTb npeBpa- 
HeHEI B S)UPbI ANKMIOOPHBIX KHCJIOT, ECM UX HarpeBaTb C OpTOCOpaTamn B MpH- 


PYTCTBHH KaTaJINTHYeECKOTO KOJIHYeCTBA TeTpaaJIKHJIAHOopana: 


Ashe 2RB (OR’)s. (15) 


( 
R2BOR’ + (R’O)sB 


3yecb TakxKe U3 TeTpaanKusAMOopaHa MU OpTOOopaTa OOpasyetca CHayasa THan- 
KOKCHOOpaH, KOTOPBIii HIM HemocpescTBeHHO (aHaiorm4Ho (6) u (3)) HM depes 
2Taqulo pacnaga Ha AuOopaH Hu OpTOOopaT MpeBpallaer SPUupbI LMaJIKU WOOP HbIX 
KHCJIOT B S*pHpbI aKUNIOOPHEIX KHCIOT (aHalOrM4HO ypaBHeHHaM (8) x (1)), 
Mpuuem pereHepupyeTca TeTpaaKH1MOopan, 

MoxkKHO, HakOHell, MO, BJIMAHHEM HeOOJIbINOFO KOJMYECTBA . TeTPaaIKHJLH- 
OopaHa MpeBpaTUTh paBHOMOVICK YAP HYy!0 CMECb OopTpHalkuNa u supa alkKua- 
OopHOH KHCOTEI B Sup WMasIKUJIOOPHOM KHCJIOTEI: 


2 


» oR,BOR’ (16) 


j ( 
/ R3B + RB (OR’)s 


A 
oy 
(BLIXO, 9PUPOB AHaMKUJIOOPHEIX KHCJIOT COCTABJIACT 50—70%). 


gs 387 


B 9MUPbI aIKHIOOPHbIX KHCJIOT H HaoOopoT. Takum oOpasom, Tenepb NOABHAaC} 
BO3MOXKHOCTh JIErKO H MpOcTo H3 OJIeHHOB, AHOopana HM CNMPTOB Noy4aTb 9H) 
PbI AIKHJI- W Wa/IKMJIOOPHbIX KHCJIOT H B3AMMHO MpeBpalllaTb UX APyr B Apyral) 

Tlogqo6Ho opTo6opatam, 9pupamM aJIKHVI- H LHaIKYJIOOPHbIX KHCJIOT BeLYyT ce6s 
UX THOAHaOrH. Tak, Ip HarpeBaHHH TpH-H-OyTHITHOOOpata HU TPH-A-OyTHIGO 
pa B MpHcyTCTBHH KaTaJIMTHYeCKHX KOJIMYeCTB TeTpa-H-OyTUIAMOOpana TIpl 
130—140° 8B Teuenne 2 uac. Hamu c 73% BbIXOJOM Obl NOYYeH LH-A-OyTHIOBBIt 
apup A-6yTHsTHOOOpHOH KucvIoTH (17). B KayectBe noOouHoro NpoxyKTa peaki 
IHH ObIIO BbI.eeHO HEOOJIbUICe KOJIMYeCTBO H-OyTHIOBOrO 3upa TH-H- Oy THE } 
THOOOPHOH KHCJIOTHI. 


(R,BH), 
2(RS)3B + Roe 3RB (SR)s, (14 
= H-CyH. i} 


Hao OTMeTHTb, 4TO 3TA peakIHA TpeOyeT Oowylee 2eCTKHX YCJIOBHH, 4eM 
B cly4ae OpTOO6OpaTOB. ITO, MO-BUAUMOMY, CBA3aHO C TeM (aKTOM, YTO aTOM) 
BOJOpoka B TeTPaaJIKHJIMepKalToqvOopane, OOpasyiouleMca Ha TepBou cTaquy 
mpowecca (cm. (10), rye (R’O); B 3ameneno ua (RS)3B), BeTymaeT B peakunH 
C pa3IHUHBIMH peareHTaMH TOJbKO MpH TemnepaType oKouio 100° (’). Bi 


Al 


CHJIY 9TOrO, Ree H oOOMeH aTOMa BOWOpOta B TeTpaaJIKHJIMep-| 


MeI€HHO OOMCHHBaeT CBO aTOM BOMOpPofa Ha aJIKMJbuy!O rpynity. OLHAaKO) 
B OTJIHUHE OT TeTp aavIK HJIMe pKallTOAuOo pana MaJl1KOKCHOOpaH — HeycTOHYHBoOe} 
COeCMHHeHHE, JIerKO pacmafaiouleeca Ha AHOopaH u OpTOOopaT (aHasorn4Ho (*))} 
H, TaKHM OOpasoM, B peakIMAX C yuacTHeM J\MaJIKOKCHOOpaHOB TIpH HH3KUX| 
TemllepaTypax, KOrja OH OOMCHHBACT CBOH ATOM BOOPOsa Ha AJIKWJIbHY!O rpymi-| 
ny, PakTMyecKH MPHHHMaeT yuacTHe He CaM AMaMKOKCMOOpaH, a WMOopaH. | 

CreqyeT OTMETHTb, 4TO BCe IIPHBeJeHHble BbIIMe PeaKIHH C yyacTHeM TeTpa-| 
aJIKHILZHOOpaHa O4e€Hb YROOHbI UM MpOCThI B penapaTHBHOM OTHOWeHHH. J]n1A| 
IIpOBeMeHHA peaKILHH CMeCb peareHTOB HarpeBaloT Tipu NepemewmMBaHHH |,5— 
2 yaca Ha KHMAMeH BOLAHOH Sane (3a UCKTIOUCHHEM PeaKUMH C THOMPOHSBOAHEI- 
MH, KOTOPbIe MpOXOJAT C TOM 2%e CKOpocTbio mpH 130—140°) B mpucyTcTBuu 1% 
(wonap Horo) TeTpaaJIKHIHOopana. GaTeM peaKWHOHHAaA CMeCb oOpabaTpipaerca 
CHHPTOM HJM aHHJIMHOM WWIA yaJleHHA CJIeqOB aJIKHIOOpaHoB, MH MpocTok me-! 
peroHKOH C BbICOKHMM BbIXOLaMH MOJyuaOTCA SPHPbI aJIKW- WIM DHanKHJ-| 
OOPHbIX KHCJIOT. | 

Tak KaK peaKIHH ABJIAIOTCA OOPaTHMbIMH, TO MOCJIe BbIJeJIeEHHA OCHOBHOrO 
MpOLyKTa peaKWHH Mpouecc CHOBa CIBHraeTCH B CTOpOHy ero oOpa3soBaHHa. 
TakuM oOpa30M, H3 HOJIYYeHHbIX Tp dbpakWMOHHpOBaHHN TpOMexKYyTOUHBIX 
(bpakuMi HW NOOOUHBIX IIpOLYKTOB peaKIHH MPH NOBTOPHOM MpoBeseHHu Mporec- 
Ca BHOBb NOJIyYaeTCH HYXHbIM SUP, B pesyJIbTATe 4ero BHIXO, apupa mpH- 
OIM2KaeTCH K TeOpeTHYeCKOMY. : 

KatasuTuueckoe Jelictaue Ha peakunu (14), (15) u (16) oKaspiBaeT He TOVIb- 
KO TeTpaaKWIfuOopaH, HO HU WMOopaH, eFO AVJIKHJIbHbIC, AJIKOKCHJIbHbIe 
AJIKMJIMEp K allTONPOH3SBOAHBIe. 


MucrutyT oprannyeckoh xumuu um. H. J. 3ennuckoro Tlocrymusio 
AkallemHH HaykK CCCP 22 III 1961 
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Woxrnxagn AnkagqemMun nayx CCCP 
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XHMHA 
jeH-Koppecnonjent AH CCCP O. A. PEYTOB, T. A. CMOJIMHA u B. A. KAJIABHH 


j PEAKIWHWA H30TONHOrO OBMEHA 3AMELJEHHbIX 
BEH3HJIMEPKYPBPOMHJIOB C BPOMHOM PTYTbIO, 
MEYEHHOM PAJHOAKTHBHbIM H30TONOM Hg?" 


2B CBA3H C HCCJIEMOBAHHEM Me€xaHH3mMa 3JIEKTPO*H Ib HOrO 3aMeCILCHHA Y HaCbl- 
fHHOTO aTOMa yruiepowa, Mbl H3y4aJIH B MocweqtHee BDe€MA Ha pame HpBMEpOs 
6) peakumio u30TONHOFO OOMeHa PTyTHOOpraHHuecKUX Coveli c raOHAHOli 
‘YTbIO 

RiReRs— .HgX + X —: Hg*8X 2 RyRoRs — Hg? X + HgXe. 


Han6ouee o6cToOATeJbHO yalocb H3Y4YHTb KHHeETHKY JlerkKO [1poTeKaromlel 
/aKILMH H3OTONHOTO OOMeHa S*HPOB G-OPpOMMePKYPaPHJYKCYCHBIX KUCJOT 
%, = Ar, R, = COOAIk, R; = H) c paguoaktuBHok Opomuoit prytbw (°,°). 

B HacTOALleh padoTe ONHCbIBAaIOTCA Pe3yJIbTATbI HSYYCHHA KHHETHKH peakIuu 
BOTOMHOrO OOMeHa Ha Oovlee MPOCTHIX, O€H3HJIbHbIX, PTYTHOOPraHWyeckHXx Coe- 
qHeHHaAX (Ri = Ar, Re —R3 = H) c Gpomuokt pTyTb10, MeyeHHO palvoaKkTuB- 
aM H30TOTOM Hg? 


X — CsHa — CH, — HgBr + Hg®*Bry 2 X — CsHy — CH — Hg2Br + HgBrn. 


Tipexme pcero oka3aocb, 4TO 3aMeHa KapOaJIKOKCHJIBHOH Tpynnbl Ha BO- 
opon, T. €. Mepexoy OT SHupoB a-OpOMMePKypapHJIYKCYCHBIX KHCJIOT K O€H3HJI- 
apKypOpoMHyaM, NPHBOAHT K S3Ha¥HTeJIbHOMY TMOHHXKCHHIO CKOPOCTH pac- 
faTpUBaeMOH peaKUHH H30TONMHOrO OOMmeHAa. 

Bo Bcex Hcmpo6oBaHHbIX HaMH PaCTBOPHTeJIAX (TOYO, OpoMOeH30JI, CIMT, 
feTOH, WMoKcaH, aleToHuTpHt, N,N-aumeTuidopMaMHy, Jieq_aHad yKcycHaA 
“MYPaBbHHaA KHCJIOTHI, H30aMHJIaleTaT, H30aMHJIOBbIN SPP, YeTHIPeXxJI0- 
ACTbIM yruiepol, MMpPHAHH) HOO peaKILHA HJeT CJIMLIKOM MeJJIeCHHO, JIHO6O 
‘PpOHCXOZHT pa3sslowKeHHe pTyTHOOprannyeckon coun. HcksroveHne mpeqctaB- 
eT XHHOJIMH, B KOTOPOM H30TONHbIli OOMeH Het mpH 70° co CKOPOCTBIO, yq06- 
OH [Id CHATHA KMHETHKH, H G6e3 pa3sJIO%KeHHA PTYTHOOPraHHyecKOH COIN. 
3THX YCNOBHAX, ECTECTBEHHO, OPOMHaA PTYTb, MO MeHbIUUeH Mepe YaCTHYUHO, 
AXOMHTCA B BH KOMIVJI€KCa C XHHOJIHHOM. 

PeakunvaA w30TOMHOTO O6MeHa GeH3HIMepKypOpomusa C OpOMHOH PpTyTbIO 
MeeT OOM BTOpOH NOpsAOK H MepBbIli MOpALOK 10 KaxkLOMY U3 KOMMOHEHTOB. 
@aKMM OOpasoM, 3TO — OUMOJIeKYyJIApHaA peaKUMA SMeKTPODHJIbHOTO 3aMe- 
(HHA y HacbieHHOrTO aToma yrsepogza (Se2). Ky = 0,148 1 -Momb™-yac™. 

_C 6en3HMepkypOpoMujoM, 0-BHMMOMy, pearupyer He cBoOofHad Opom- 
aa PTyTb, a ee KOMMIeKC C XHHOHHOM (B:) *; MoueKYyJibl STOTO KOMIIIeKca 
QNKHBI ObITh OovlIee MOJIAPHbIMH, YM MOJIEKYJIbI1 OPOMHOH PTYTH: 


| 
| | Se 
| * He WcK0ueHa BO3MOKHOCTb TOPO, YTO PTYTHOOPraHHueCKad COJIb TAKE MOMKET yuact- 
)BaTb B peaKIWHH B Bue KoMnseKca R — HgX -CoH7N. 
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HeogHokpaTHO oTMeyaBlueecd HaMH paHee {',”) KaTamMTHYeCKOe BIHAHHE 
OCHOBaHHH Ha CKOPOCTb peaKUHH M30TOMHOrO OOmMeHa TuIIa 


RHgX + Hg?X, @ RHg?3X + HgXo, 


10-BHJ,MMOMY, 06134HO UaCTHUHO TOMY, YTO KOMIIe€KC OCHOBaHHA C TaJIOMHOH 
prytbio (B:HgX2) — Gowee CHJIbHbIM 9JIEKTPOMJIbHbIM peareHT, 4eM MaJIONO} 
JIApHad MOJleKyla TaOWLHOK pTyTH. 

Bropad Bo3MOKHAaA MPHYHHa KaTa/IMTHYeCKOrO JeHCTBUA OCHOBAHHM 3aKJII0} 
yaeTCA B COJIbBaTallMH OCHOBaHHeM aTOMa PTYTH, YXOfAUero H3 MOVJIEKYJIbi 
PTYTHOOpraHHyeckoro COe,MHeHHA. 

C yyeToM STHX MIpeAMoOxKeHHH M€XaHM3M PeaKIMH M3OTOMHOFO OOMeHa OeH| 
3HJIMepKypOpomMua C OPOMHOM PTYTbIO B XHHOJIMHE MOKHO BbIPasHTb Cue y10} 
mew cxemon * / 


‘a B! :B 
H fig” 
Ry 203 Ri a rire Ri ER RS 
Ry C“HgBr + BtHg™ Bry == R,—C ) (Bra==R—C) (Br |= 
Rs R; 208-7 Rg s_ 203-7 
| Me . re 
B Br (Al) Br (AT!) | 
ars BS = 203 a 
a= Rep Cae Br + BtHgBr, (R)=C,H,. Ro=R3=H, Bt-xuHoann) 


Rg 


s | 
| 
OTKPbITbIM OcTaeTCA BONpOC O TOM, MepeXOAUT JM MoJIeKyJla OcHOBaHHA B| 
BHYTPH AKTHBUPOBaHHOrO KOMIMVJIeKCa OT pakHOaKTHBHOFO aTOMa PTYTH K nepal 
JWMOaKTHBHOMy WAH xe mpouecc (AI) (AIT) ecTb mpomecc yxoga HepaHo) 
aKTHBHOFO aTOMa PTYTH C OMHOBPeMeHHOM eFO COJIbBaTallweH ApyroH moveKy} 
JIOH OCHOBaHHA. KoHeyHO, Tako Bompoc CHHMaeTCA, eCJIM B OOpas0BaHHH Tepe: 
XOJMHOTO COCTOAHHA yuacTByeT He MOJIeKYJIa PTYTHOOPraHHyecKOH COIN, a e€€ 
KOMIIJI€KC C XHHOJIHMHOM RiReR3 — HgBr:B. | 

QHepruA AKTHBALLHU PpaccCMaTpHBaeMOl peaKIMH OKa3aslacb paBHoH 18,8 + 
+ 0,9 KKau/Momb. KouctaHta ckopoctu Ky paBHa 0,066; 0,148; 0,323; 0,641 
JI-MOJIb~+-4¥ac™! np Temnepatype 60; 70; 80 u 88°, cooTBeTCTBeHHO. 

BuIMAHHe CTpYKTYPHbIX (aKTOPOB Ha CKOPOCTb PpaccMaTpHBaeMOH peaKIH 
MbI H3y4HJIH Ha TIpHMepe cepHu Mapa-3aMeeHHbIX OeH3HJIMepK YpOpOMHOB: 


| 
XK Da chiyHgB Hg BH, cH gr HH gBry 
(X=F, Cl,H, CH, (CH3),CH) 


Bce peakuuu mpoBo_Much B cpeye XHHOJIMHa ** TIpH 9KBHMOJIEKYJAPHbIX KOH 
WeHTpallMAX peareHTOB, paBHbIxX 5,4 -10~* mom/,u Temnepatype 70°. 


* V306paxkennoe Ha 93TOi Cxeme WHKIHUeCKOe lepexofHoe cocTosHHe B’ peaKUHAX pac- 
CMaTPHBaeMOro THIa TeM Sovlee BepOATHO, EM MeHee NOIApen pacTBopHTesb. Tak KaK XHHOJMH) 
He ABIACTCA HENOJAPHbIM PACTBOPHTeeM, TO HEIb3A CUHTATh HCKIIOUCHHOH BO3MOIKHOCTS He-| 
UHKIHNeCKOrO NepexomHoro cocTosHua Tuna (A III): 


R R Neat R 
aS 203 Ie 2 KS 203 at = 
R.—C—HgBr + BiHg Br, = Ry CK = R.—C—Hg Br + HgBr + Br +B: 
aye 7 4203.78 y, Re eater + 
3 R; _tig _—Br R3 
Br Br tt 
(Al) BtHgBry 


PeMA BbIepKUBAICA Ha TBEPALIM CKHM KaJIM H Tepe KaxKbIM 


ONbITOM mepe OHAJICAH Hal WHHKOBOU IIbWIbIO O 
. TOH adlaCb ; 
p (ppakuua CT Es 118 119 npu 
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PacTBopbl pTYTHOOpraHMyecKkoro CoeqHHeHHA MH OpoMHOli pTyTH, MOBeleH- 
| bie Jo TemmepaTypbI ONbITa B TepMOCTATHPOBaHHOli CHCTeMe, CJIMBaJIMCb BMECTEe, 
| depes OMpeeeHHble MPOMeKYTKH BPeMeHH H3 PeaKUMOHHOL cmecu oTOUpa- 


Ta6auuna 1 
X 1G CHy= Hepr 


AKTHBHOCTb cJIOg, 


Bpema HMI/MUH CreneHb K 
peaky.|~ | BSOTOnRS Sle (Lf F) Iaymome-wac 
t, wac BowHoro OpraHH- | oOmeHa F 
uecKOrO 
X = (CH3),CH 10 2000 258 On23 0,1135 
15 1824 300 OFS alias} 
20 1828 472 0,41 On2o 0,237 
25 1709 538 0,48 0 , 2840 
30 1614 635 0,56 0,3565 
35 41474 642 0,64 0, 4089 
40 1440 707 0,68 0,4949 
45 1408 750 0,70 0,5229 
50 1459 880 0,75 0, 6021 
60 1256 837 0,80 0 ,6990 
X = CHs 6 2217 183 0,15 |’ 0,0706 
17 3317 653 0.33 0,1739 
20 2741 594 0/36 0,1938 
25 2489 678 0,43 0, 2444 eae 
30 2711 905 0.50 0,3040 Ms 
3 35 2103 814 0.56 0,3565 
40 2761 1185 0,60 0,3979 
45 2082 919 0,61 0, 4089 
50 2208 4154 0,69 0, 5086 
55 2280 4182 0,68 0, 4949 
X=H 10 | 2420 170 0,13 0,0605 
20 2485 388 0,27 0,1376 
30 1963 447 0,37 0, 2007 
42 | 2453 708 0,50 0, 3010 0.448 
50 1726 648 0,55 0, 3468 : 
60 1743 798 0,63 0,4318 
74 1496 827 0,74 0,9376 
94 13314 856 0,78 0,6576 
X=Cl 40 | 2210 174 0,15 0,0706 
20 2020 Din 0,24 0,4192 
40 1704 473 0,44 0, 2018 ; 
50 1616 558 0,54 0,3098 
60 1453 587 0.58 0,3768 
79 1304 678 0,68 0, 4949 
X=F 6 2349 86 0,07 0,0845 
20 3146 418 0,23 0, 1135 
' 25 3007 505 0/29 0,1487 
30 2818 544 0,32 0,1675 0.124 
: 35 219 648 0,38 0, 2076 i 
40 2241 573 0,44 0, 2294 
45 2572 732 0,44 0, 2518 
50 2631 811 0.47 0,2757 
55 2673 962 0,53 0,3279 


MMCb 1poObl pacTBopa. 3aTem mpoOa XHHOJIMHOBOTO pacTBopa B 10 pas pa30aB- 
Asach TOJYOJOM, M “STOT pacTBOp OOpabaTbIBasICA HACHINICHHBIM PaCTBOPOM 
SpoMucTorO HaTpUsA B Bose LA yasleHHA OpOMHOM PTYTH. Bojubli CIO, co- 
fepxanui OpomHyl0 PTyTb, OTAeAJICA OT OPraHHyeCKOTO COA, COMeprkalero 
OTyTHOOpranMyecKky!0 COJlb, H AKTHBHOCTb KaxKAOTO U3 COCB OMpeevIsJ1aCk 
qa ycTaHoBke B-2. 
_ PesyapTaTE! H3OTOMHOTO OOMeHA IIPHBeeHbI B Ta6. 1 u Ha puce. 1. 
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Se a ED ee 


V3 sTux pe3ybTaToB * BHXHO, 4TO 3amecTHTeH Xfpacnomnaraiorcs B cwe4 
nyroumli pay mo ycKopsiouleMy BJIMAHHIO Ha paccmMaTpHBaemyloO peak 
H30TOMHOTO OOMeHa (B CKOOKaX TIPHBeeHbI NepvwOybl nNosyoOMeHa, B 4a-) 
Caxie 


F< Clo H =< CHs<(G.).cH 
(53) (49) (48) ~ (84) (27) 


tian Pe 
C LF C <> nigee 

4 H.—HeBr, #H CH o—HgBr, F=< >——CH, g 

Hie aN 4 ¢ 2 Hg ; ; . be ) 2 


| 
j 
a 
Hadmolaemaa 3aBHCHMOCTb CKOpocTH paccMaTpuBaemol Sf2-peakIlMn OT 


08 
06 
Puc. 1. Vs30tonupii o6men XCsHyCHeHgBr}} 
| c Hg*Bro B XHHOMHHeE mpH 70°. | 
ong Oe 1—n-FCsHaCHsHgBr, 2—n-CHsCsHaCHoHgBr, |! 
a 3—n-us0-C3H7CsHaCHoHgBr, 4—CsHsCHeHgBr, | 
= 
a 


5—n-ClCsHaCHsHgBr 


0 20 A 40 60 80 4ac. 


- 


3aMeCTHTeJleH BbIPaKaeTCA B MOABJIGHHH Ha aTOMe yTviepoya, CBA3AHHOM CO} 
PTYTbIO, YACTHYHOTO OTPHATebHOTO, a BJIHMAHHE JIEKTPOMOJIOKUTEMbHEIX — } 
YaCTHYHOTO NMOJIORKUTEbHOFO 3apAOB (M0-BHMMOMY, TlaBHbIM OOpa3s0M B MO- 
MeHT peaKUMH), CpaBHHTe/JIbHO C HeSaMeLICHHbIM GOeH3HIMepKypOpoMHjoO™M. | 

B fepBom cjlyyae aTaKa pTyTHOOpraHHyeCKOrO COeMHEHHA 3JIeKTPOPHIb- | 
HbIM KOmIiekcom B : HgBr, o6mergaeTca, BO BTOPOM — 3aTpyAHAeTCA. 


Mockosckuit rocy2apcTBeHHbIii yHHBepcuTeT TJocrynu.i0 
uM. M. B. Jlomonocopa 24 III 1961 


VucTHTyT 9/IeMeHTOOpraHHuecKHxX CoeqHHeHHEi 
AxkajlemuH Hayk CCCP 


IMTHPOBAHHAA JIHTEPATYPA 


1 0. A. Pe y T0 8B, Mss. AH CCCP, OXH, 1958, 684. 2 0.A.Peyrtos, T.A.Cmo-= 
auuua,Y Aun-IWeiu,lO.H.B y 6x08, Hayun. 0K. BBICHI. WKONbI, XHMHA HM XHM. TEXHOJ., 
Ne 2, 324 (1958). 


3O0.A.Peytos,¥YAun-Uei, ¥.1.Beneukaas, COopx. Kunetuka 
HM KaTaiH3, 1960, crp. 43. 40. A. Reutow, Angew. Chem., 21, 688 (1957). 5 0. Ag 
Reutow, Rec. Chem. Progr., No 3 (1961). ®O. A. Peytos, B. WH. Cokousos, | 
HW. Il. Bemenxkaan, JAH, 136, 634 (1961). 


* OnbitbI 10 H30TONHOMY OOMeHY, MpoBeszeHHble B OMMHAKOBbIX YCAOBHAX, HO B pasHoe BpeMa, 
AaJH XOPOLUIy!0 BOCIPOHSBOAMMOCTb pesyJbTaTOB: mpsamble lg(1—F) = f(t) na Kaxyoro pTyTHO- 
OpraHHyeCkOro COeAHHEHHA MpakTHYeCKH COBMaaH, pas6poc TOueK AIA KaxKOH MpAMOH B Cpej- 
HeM He MpeBbliuat +3%. 

** OTMeTUM, UTO 3ABHCHMOCTh CKOPOCTH 3TOH peakILHH OT XapakTepa 3amecTuTeeH X O6paTHa 
SaBHCHMOCTH H3y4eHHOH OAHHM H3 Hac c B. MH. Cokosoppim u HM. TI. BesenxKoii (*) Monomoseky- 
JIAPHOH peakitHH (S -1) H30TOMHOrO O6MeHa 3THAOBOTO adupa a-6pomMepky p*eHHJlyKcyCHOH KHC- 
JOTbl C OpOMHOH pTyTbtO. 
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Morknage Akagemunu nayxk CCCP 
1961. Tom 139, Na 2 


XHMH 
Ml. H. CAHHH, B. B. WEP, JI. 6. YEPHABCKASA u H. B. MEJIEHTbEBA 


AHTHOKHCJINTEJIN THNA JWAJIKUJIQUTHO®OCOATOB 
METAJIJIOB 


(ITpedcmasaeno akademuxom A. B. Tonaueevim 8 II 1961) 


B mpefiecTByouHx pa6otax OblI0 MOKa3aHO, YTO HEKOTOPbIe MPOH3BOLHbIe 
TUTHOPOCHOPHOH KHCOTEI, A HMeHHO [MaJIKHUTHOoCaTh MeTAaJVIOB, ABIA- 
fOTCA NOMMPYHKUMOHAIbHbIMH MpHcakqKaMu K CMa304UHbIM Macviam (!,?). IIpucan- 
KH STOFO THMa OGOaalOT MOIOLNLHMH, AHTHKOPPO3HOHHBIMH HM MpOTHBOH3HOCHEI- 
MH CBOHCTBAMNH; IIpH COOTBETCTBYIONLeEM CTPOCHHH OHH MOLYT TaKxKe C.YXHTb 
HenpeccopaMu 4M JesMyJIbraTopamu. 

B uHactosmleH pa6oTe 2aHbl pesysbTaTbI HCCeOBaHHA [MasKULUTHOMOC- 
‘patoB MeTaqJIOB KaK aHTHOKHCINTeNel yrneBosOpoloB CMa304UHbIX Macell. 
bia w3yyeHa CpaBHUTeIbHad AHTHOKMCAHTeIbHaA AKTHBHOCTh AMaJKHJH- 
THOMOcHAaTOB MeTAJIOB pa3IM4HOrO CTPOeCHHA M MOKa3aHO BAMAHWe HEKOTOPBIX 
‘akTOpos Ha Mpollecc OKHCJIEHHA YrJIeBOMOPOAOB B MPHCyTCTBHH 3THX IpHcaloK. 
Jia ucceqoBaHuA OblIH CHHTe3HPOBaHbI IIpcaKH, CTpOeHHe KOTOPLIX JaHO 
iB Ta6n. 1. 


Talo wai and 


Crpoeune MpHcawOK THIlda coe [MasKHIAUTHOocHaTos 


ao... ®opmyuia 
H®-1 | [(RO)2PSS]2Ba F R = Ca a Cog 
A-2 [(RO)2PSS]2Ba, R = Cis — Cao 
A®-12 [(CH3(CHe2)sCH CH2O)2 PSS]2 Ba 
C3Hs5 
®-5 [(RO)ePSS}oZn, R = Coo — Cog 
ae [(CHg (CHz)s CHO)2 PSS]}2 Zn 
CH3 
C2Hs 
1-10 (CH (CH2)sCHO]2 PSSZnSSP [OCH2 CH (CHs)2]2 
| 
CHg3 


C2Hs ! 


| Hpucagxu J®-1, 1-2 u L@-12 npegcrapsstot co6o10 AHa/IKHILHTHOMoc- 
qbaTpt OapHA, OcTaJIbHBIe TIPHCaKH — AMaIKHJILMTHOocHaTEl WHHKA. 


| 
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Jina nosyyenua mpucagok JT®-1 u J[®-5 vcnob30BaiNcb BbICOKOMOJIEKY-|y 
JIAPHbIC CMUPTH!, MOMyYaeMble TIPAMBIM OKHCJeHHeM cpakuuN napaduna 330—|% 
390°; aaa nomyyenHaA mpucayku J[®-2 cnupTbl, nowyuaemble OKHCJIeHHeM 
bpakunu uapaduna 270—330°. MoviekyJIApHbl Bec CHMPTOB COOTBETCTBOBAII); 
C20 — Cy, Hu Cig — Coo. IIpucanxa JL®-8 nowyuanacb Ha OCHOBe BTOPHUHOTO)| 
OKTHJIOBOrO CIHpTa, A-OKTaHONa-2, a npucatka L®-9 u J[O-12 wa ocnose nep-}; 
BHYHOFO OKTHJOBOrO cuupTa, 2-aTHIreKcaHoa. Kagan u3 upucazox ®-10); 


u J[®-11 Opa nonyyeHa M3 BYX CNHPTOB HM cosepxKasa, TAKHM OOpasoM, iy 
paluKaJibl pasJIM4HOrO CTpOeHHA. . 


200° 150° 
ws 601 200°} $180" 
SY peo 
Sone) f ¢ xa 
88 | / 160° ey 
28 40H | J 
: Ss 0 i o / O 9 150° e. 
~ 
S330 F , 
8 Ss xXx 6 o P Og 
= 2 20 | / "4 0 (0a 
Noise Kx OX d s < . j 
S Nt 10 yi ee 5 730, : 720 = 
8 pF 0 ioeo "i 
~ o@ 50 100 190 200 250 300 350 400 450 500 550 600 mum 


Puc. 1. Bausnne npucagku JID-] ya oKkHcneHHe mapacdbHHO-HadTeHOBbIXx 
yriepoqopoqos. a —I1l napauHo-HadTenopble yrieBpoqopoyn, 6 — 
lap aduHo-HadTeHoBble yrieponopogn + 1% Ld 


B Oo/bIIMHCTBE OMbITOB OKHCJIEHHIO NOABeprasuch mapadbuHO-HaTeHOBEIe | 
YreBOLOPOAb, BbIeJIEHHbIeE C TMOMOLLbIO aCOPOMMOHHOM XpomaTorpadun U3 | 
AMCTHJJIaTHOrO MaCJIa CepHHcTOH HedTH. OkucsienHe yrvieBOJOpOqOB onpere- | 
JAJOCb MO MOTIOUEHHIO KUCOpoLa yrseBosopofsaMH B 3aMKHYTOM CHCTeMe. 

Bee MasKHLUTHOocHaTH MeTaJJIOB B TOM HIM WHOM Mepe 3aMeIIAIOT 
CKOPOCTb OKHCJICHUA YTIeEBOLOPOLOB HM ABAAIOTCA, TaKHM OOpasoM, THIHU- | 
HbIMH AHTHOKHCJINTeIAMM. OHaKO HX AaKTHBHOCTb, KaK aHTHOKMCNTeJen, 
H€ OAMHAKOBa H 3aBHCHT OT CTPOCHHA YIVIeEBOROPOLHbIX PaqvKaJOB WH MpHpogHl | 
MeTaJia. HanOoulee akTHBHbI JHasKHIAUTHOocHaThl Capua, Cokeprxalllve BTO- 
PHUHBIE YIVIeBOROpOLHble paluKaJIbl. 

Ha puc. | npupeqenbi pesybTaTbI OKUCIEHHA NapadHHO-HadTeHOBbIX yrvie- | 
BOLOPOLOB Hp pasiW4HbIM Temuepatypax B pucyTcTBHH mpucagKu J[®-1 
(BLICOKOMOJIEKYAAP HEH AMaTKMIUTHOpocHaT Oapus), 

AHTHOKHCIHTeIH =THNa WuaKUILMTHOocaToR oGayaioT HanOombUeli 
aKTHBHOCTbIO IIPH Temnepatypax fo 150°. IIpu mepexoge Kk Oovlee BHICOKHM TeM- 
nepaTypaM JewcTBHe AHTHOKHCJIMTeeH OCabeBaeT, MO-BHAHMOMY, 3a CueT HX 
TEPMHYECKOTO Pa3sJlOKeHHA. ONTHMAJIbHbIe KOHICHTPalMW pa3JIMYHbIX NpPHca- — 
OK B IIPHHATHIX yCJIOBHAX OKHCIeHHA cocTaBAdH oT 0,75 Bo 2,5%. 

Mac.10, 43 KOTOpOro ObIIM BbILeeHbI HECTAGHJIb HbIe Map acu HO-Ha*TeHOBbIe 
yIJI€BOOPOAbl, COMepxKHT TakxKe MOHOMMKIMuecKNe HW OHWHKIMYeCKHe apo- 
MAaTHYeCKHe YIJIeBOAOPOAb! H CepHHCTHIe coequHeHHA. HekoTopbie apomaTuye- 
CKHE YII€BOLOPOLbI H, B OCOOCHHOCTH, CEPHHCTbIe COCAHHEHHA MaCJIa ABJIAIOTCA 
€CTCCTBEHHBIMH AHTHOKHCJIMTEJIAMH B OTHOLCHHH HECTAOHJIbHbIX YIJIeEBOLOPOOB 
MacJla. Ilostomy camo mMacvio O6aaeT BLICOKOH CTaOubHOCTHIO. IIpucyTeTByi0- 
MIM€ B MaCJI€ ECTECTBEHHbI€E HHPHOUTOPh! NapadIH3yIoT JeEHCTBHeE CHHTeETHYCCKUX 
AaHTHOKHCINTeeH THA LHaIKNIAUTHOOcHaTOB MeTAaJIJIOB; MOCIeqHHe B STHX 
YCJOBHAX HE OKA3bIBaIOT 3AMCTHOFO BJIMAHHA Ha MpOlecc OKHCJIEHHA CaMOro 
Maca. 

Metasabl 4 Ux OKucsIBI (Fe, Cu, CuO) cayxaT KaTanH3aTopamMu OKuCcIeHHA 
yrleBoqopogqoB. Kak ObiJIO NOKa3aHO, MaCJIO, HECMOTPA Ha IPHCyTCTBHe B HEM 
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@cTeCTBeHHbIX HHTHOHTOPOB, B MPHCYTCTBHH MeTaJJIOB CTaHOBHTCA MavlocTa- 
OWJIbHBIM.. 

KaramutTuyeckoe JeHCTBHe MeTaJIJIOB MOXET ObITh OCMAaGIEHO HIM yCTpaHeHo 
MpHMeHeHveM AHAJKUJLATMOocaToB MeTalioB. Tak, Hampumep, mpucayka 
J®-1 8B MpvcyTcTBHM MeTaJJIOB MOBbIMAIa CTabubHOcTb Maca. JLManKkua- 
)guTnodocatpl, Kak MOBePpXHOCTHO-aKTHBHbIe BeLIeCTBa, M0-BHMMOMY, ascop- 
OupyloTca Ha MeTaJIJIHYeCKOH MOBEPXHOCTH, OKAa3bIBaH, TAKUM OOpa30M, KOCBeH- 
HOE MOJIOMKUTEbHOe BJIMAHHE Ha CTAOWJIbHOCTb MaCJlia MpH ero OKHCJIeHHH 
KHCJIOPOXOM BO3Lyxa. 


Muctutyt HedTexHmMuueckoro CHHTe3a Iloctynusio 
AkajemuH HayK CCCP A Mit ire 


IHTHMPOBAHHAA JIMTEPATYPA 


1TI. W.Caunu, B. B. Hep, JAH, 107, Ne 4, 551 (1956). 2. HW. Can wu, B. B. 
Ulep, XuM. u TexHou. TonmHB u macem, Ne 3, 38 (1957). 
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Jlokrxagns AkagemMun nayr CCCP 
1961. Tom 139, Ne 2 


Axayemuk A. B. TOMUHEB, B. IT. AJAHHA u B. A. CONMPAHO 


CHHTE3 o-®YPHJIHHTPOITHJIEHA WH HCCJIENOBAHHE Eo 
CNOCOBHOCTH K MOJIMMEPH3ALNH 


Bonpocbl MOJIMMepH3allMH HATPOBaHHbIX MOHOMepOB TeTepOUMKIHYeCKOrO 
pala u3yyeHbI Kpaiine HegoctaTouHO. B cBA3H C MCCefOBaHHeM BO3MOxHOCTA 
MOJIYYCHHA BbICOKOMOJIEKYJAPHBIX COCAMHEHMH TeTepOWMKMMYeCKOTO psAfa, Co- 
Jlep2Kallux B MOJIMMepHOM WelnH HUTPOrpynnbl, HAMM Obl NoyyeH a-cdypHHH- 
TpOSTHJIeH HM HCMbITaHa eTO CMOCOOHOCTh K NOJIMMepHsallun. 


ae : 
60 . 
~~ 
ae 
40 


30 pital Meh 
O05 1 2 SS ARE Sas aa 5 7) 01234 5678 9 1011 12400 
Konuy, Kamanu3zamopa Npodonxumessvocms nonumepusayuu 


Puc. 1. Bprxoy nomuMepa a-:bypHAHUTpOSTHJIeHa B MpHCyTCTBHH KaTaH3aTOpa MeTHMAaTAa 
HaTpHA B 3aBHCHMOCTH OT TemnepaTypbl (A), KOJIMYeCTBa KaTaM3aTOpa Mp ONTHMa/IbHOU 
Temiepatype — 10° (5) HW MpososKHTebHOCTH Mpolecca NOJMMepH3sallMH 


M3 umewulxca B JIMTepaType MeTOLOB CHHTe3a a-PypHAHUTPOSTHIIeEHA 
3aCJIYKUBAIOT BHHMAaHHA: 1) KOHAeHCaWMA Cypdypoa M HATPOMeTAaHa B MIPH- 
CyTCTBHM iesoueh (1); 2) KoHZeHCauHA cbyppypoa WH HATpOMeTaHa B MIpH- 
CYTCTBHH MeTHsaTa HaTpus (?); 3) CHHTeS a-cbyPpHIHHTpPOSTHJIeHa MPH B3aMMoseH- 
CTBHH JMKeETOHOB C HUTponapaduHameu (*) ; 

CuHTe3 a-cypHIHHTpOsTHIeHa Obl] MpOBeseH MyTeM KOHJeHCaWMH ypdy- | 
pola H HUTpoMeTaHa B MPHCyTCTBHH A@HHOHOOOMeHHOH CMOJIbI C BbIXOJOM 
38—46%. 

H H H 


Gee HC__C 
| | AH —20 | | 

uch J + CHNOx—> picl Jou = cH — Nos 
oP Ow 5 
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KOHCTaHTbI MOJLYYeHHOrO MpoOdyKTa MaJIO OTAHYAIHCh OT JIMTepaTypHbIx 
WaHHbIX. Jd HSyYeHHA peakWHH MOHMepHsalluN a-cypHIHUTpoOsTHJeHa OBI 
BbIOpaHbl TPH THMa KaTaM3aTOpa, NpPOBOLAULHe Mpolecc NOJMMepH3allHH 10 
AHHOHHOMY, KaTHOHHOMY H CBOOOLHOpayNKaJIbHOMY MeXaHH3My. 

HeccueqoBaacb BOSMOXKHOCTh MOJIHMePH3alluu G-:bypHJIHUTpOITHeHa B IIpH- 
CyTCTBHM 9upata PTopucToro Sopa, nepcyibpaTa AaMMOHHA HM MeTHJIaTa HaTpHA. 
B cuyuae TIpHMeHeHUA B KauecTBe KaTalH3aTopa s:pupata dTopucToro Oopa 
oOpas0BaHHA NOMMepa He HaGmoa- 
JIOCb. 

TIpopegenue SMyJIbCHOHHOH nomuMe- 
pu3aluu a-PypHIHUTposTHJeHa B TIpH- 
CYyTCTBHH lepcyIb(aTa aMMOHHS IpuBe- 0 
JIO K OOpa3seBaHuio MowuMepa C BbIXO- 
nom 6—8%, mpescTaBjsioulero Co6OH Puc, 2. TepmMomexaHHyeckad KpHBaxn TOJIH- 
AMOP(HbI MOPOWOoK KOPHYHEBOTO Mepa G-*bypHHUTposTHIeHa Np Harpy3ke 
wmpeTa. OuyeBuHo, yTO KaTa/M3aTOpbI B 100 r, mowyueHHoro B MpHcyTCTBHH Ka- 
KaTHOHHOTO HM CBOOOLHOpAaMKaNbHOrO De a 
TuMa mWpakTHyeCcKH HE BBISbIBAaIOT pe- 

@KILMH MOJIMMepH3alluu a-Pypu/IHUTpoOsTueHa. 

IIpopeqeHHble HCCIeOBaHHA NOJMMepH3allNN a-cbypHJIHUTpOsTHJIeHa B MpH- 
CyTCTBHH MeTHaTa HaTPpHA MOKA3aIH BO3MOXKHOCTb yOOKOH MoJuMepH3a- 
MMH G-PyPHJIHHTpOSTHIeHa B MPHCyTCTBHH JaHHOTO KaTasHM3aTopa. 

Hamu Obl HCCeqOBaH BbIXO NOJIMMepa B 3aBHCHMOCTH OT TemMepaTyphl, 
KOJIMYeCTBA KaTaIH3aTOpa UM MpoOJKUTebHOCTH peakuuH (puc. 1). Peaknusa 
MCCJIeEAOBaacb B lipesesax Temnepatyp oT 20 no 80°, KomMYeCTBO KaTamM3aTOpa 
BapbupoBaocb oT 0,5 Jo 7%, mposqomKUTebHOCTh OT 30 MuH. fo 12 uac. 

Kak BHHO H3 MIPHBeeHHbIX pe3yJbTATOB HOJIMMepH3allun a-PypuAHUTpO- 
3THJIeHa B MPHCyTCTBHH MeTHJIaTa HaTpHA, HavOOJbUINH BbIXOL NoJuMepa 
74,5% MomyyaeTcaA mpH Temnepatype —10°, npogzomKuTebHOCTH peakIlMH 6— 
7 wac. HW mpHmeHeHuH 5% KaTasH3aTopa (MO OTHOIIeHHIO K MOHOMepy). Tloay- 
YeHHbIe MOJMMepbl ABJIAIOTCA TePMHYeCKH CTaOWJIbHbIMH, HelJaBKHMH UH He- 
PaCTBOPHMbIMH B OOBIUHBIX PaCTBOPHTeJAX. 

Ha puc. 2 MpHBo_HTCA TepMomMexaHHyeckad KPHBas, CHATAA C nlosluMepa 
D-PypHJIHUTposTHieHa Tipu Harpys3ke B 100 r, noulyuyeHHas NpH NoMMepH3allnHu 
ero B ONTHMA@JIbHbIX YCJIOBHAX B MPHCYTCTBHH KaTa/M3aTopa MeTHJIaTa HaTpHA. 


100 200 300 400°C 


i Tlocrynuuio 
30 III 1961 
HWHTHPOBAHHAA JIMTEPATYPA 


DOmierhasaposna, )KOX, Ne 3, 575 (1954), B. Peib, Ber., 18, 1362 (1885). 
=). Hugele H. Landers, Leib. Ann., 363, 300 (1909).? B.B.Mepexaanun, 
i. 6. Comoe a, Yc. xum., 24, Bs. 5, 613 (1955). 
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Jlokanane Akawqzemun Hayk CCCP 
1961. Tom 139, Ne 2 


PH3SHYECKAA XHMH#F | 


Axayemuk AH AszepoCCP X. H. AMHPXAHOB u A. M. KEPHMOB \ 


TENJIOEMKOCTL c, BOAbI WU BOAAHOLO ITIAPA i. 
MPH BbICOKHX TEMMEPATYPAX H BOJIBUINX JABJIEHHSAX | 


Hactosujad pa6ota, ABIAIOWLaACA MposouKeHHeM pa6oTp (1), cokepxKUT — 
HOBbIe J.aHHbIe 10 IpAMOMY OMPeeJIeHHIO TEMJIOCMKOCTH Cy BOLbI H BOJAHOTO 
apa lp BbICOKHX TemmepaTtypax (Zo 500°) u GoubWHx TaBseHuax (20 800 aTM.). — 


a VA cose I . 


H 
iar | 


ae 
H eqba| 
Re HAZ TA 
HH 


4 


SSsoy 


SSS 


ZB 


3 bs 
Reg 
: 


Puc. 1. Cxema Kanopumetpa 


Metoquka onpeyeseHuA Cy IpWMeHeHa NpexHAA, HO B OTMHMUNe OT padoTEI (7) 
BC€ H3Me€PeCHHA MpPOH3BOAHJHCh pH HeMmpepbIBHOM H HHTeCHCHBHOM pa3MellIH- 
BaHHH He TOJIbKO UCCJIeqyeMOH %KHAKOCTH B KaJlopHMeTpe, HO H TepMocTaTH- 
pyrouleH 2XKUAKOCTH. 

IIpeqycmaTpuBanucb cnelvaIbHble MepOMpuATHA MO yCTpaHeHHIO OTBOLa 
Tela MO MOABOAALWIMM IIpOBO,aM K 3alllMTHOMy KanHsapy. HecmoTpax Ha 
Ooulbluve padouve JaBeHua, QocTuraromue 1000 aTmM., BOJAHOM SKBUBaIeHT 
KaJIOPHMeTpa He I1peBbl a */;, CpeqHeETO KOJIMYECTBA Tela, MOLBOLUMOTO Ha OL HO: 
H3MepeHHe, YTO JOCTHTaJIOCb YMeHbINeHHEM TOVJIMLMHbI CTEHOK KaJIOPHMeTPa JO 
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,D MM, 4TO BIMOJIHe JONYyCTHMO OularoqapxA eCTeCTBeEHHOM Mepefaye uacTH aBue- 
IMA Ha Hapy2xHylo OOovIouKy (cM. puc. 1). Bee 9TH Mepbl ObLIH NpeqnpHHATHI 
» IL@JIbIO NOJyYeHHA Oovsee MOcTOBepHbIX MaHHbIX. [[pH 9TOM HapsAy c coB- 
layeHHeM psxfa pesyJbTaTOB B OOeHX paOoTaX NOJIyYeHbI Tak2Ke JaHHble, 
JOKa3bIBalOlWe pacxOxKJeHHA MexKLy HHMH, TVJlaBHbIM OOpa3s0M B CTOpOHy 
saHMaKeHHA. JIA KOHTPOJbHOH H30xOpbI v = 1,235 cm?/r 3aHMxKeHHe JOcTH- 
‘ano «5%, WIA H30X0p C OOJbINHM YJeJIbHbIM OOBEMOM 9TO pacxo*meHHe 
wile HeCKOJIbKO OOJIbIIIe. 


Kan/e-epaa 
i ox 
1OF ag a < | 
Sy - ee 
# “gag 


ee a ! aie a ee ee Lea ee sy 
50 6070 80 90 100 TO Teo T0740 750 160 170 180 190 200 210 200 210 T 


—a 


Puc. 2. M3ameneuue tTenmoemKoctTu C,. B WByXPa3HoHK MW oOmHodasHou o6macTax @ aaa 
H30xOp: 0, —=1,012 cm®/r; ve= 1,043 cm3/r; vg = 1,091 cm8/r; vg = 1,156 cmo/r 

Ha puc. 2 NpuBOAATCA JaHHble MO TeMJIOeCMKOCTH C, WIA YeTHIPeX H30X0p 
/M30XOPbI YCJIbHbIX OOBEMOB V1 H V2 COMePxXAT TaHHbIe MO TeMIOCMKOCTH Cy, 
3 wmugkow dase oT | yo 800 artm.). Kak BHqHO H3 pHc. 2, MoCcJe 
qdepexofa MorpaHuuHOH KpHBOH u3 ByxdasHOH oONaCTH B oOHOdasHyto0 
IIA BCEX YCJIbHbIX OObEMOB: V1, V2, Us H Vy TeIJIOCMKOCTb Cy IPH MOBbIMMeHHH 
WaBJieHHA MW TeMMepaTypbl yOblBaeT. CkopocTb yObIBaHHA  TeMJIOeMKOCTH 
mo TemnepatType A yembHoro OObeMa v1 OoOvIbUIe, YEM WIA YeJIbHOTO 
DObEMA Up. 

Ha pue. 3 u300paxKeHbl H3MCHeCHHA TeIJIOCMKOCTH Cy, Mp Mepexogze u3 
aByXxa3sHou OOMacTH B OMHOMasHy10 AIA U3OXOP U5, Us H Uz. MV Qua 9THX U30xOp 
mocyie Mepexoya norpaHwuHol KPHBOM pH MOBbILeHHH TeMMepaTypbl HM jaB- 
JIGHHA TeMJIOCEMKOCTH Cc, YyMeHbiaroTcs. J]aA Bcex 7 MOJJYYeHHbIX H30xop 
CKOpOCTb YyObIBaHHA TeMJIOeMKOCTH 110 


OObeMa YMCHbLIAeTCA. 


TemnepaTypec yBeJIHYeHHeM YeJIbHOrO fanle-cpal sy 
i I 
Ha puc. 4 n3s06paxkeHo U3MeHeHHe i 
TeMJOCMKOCTH JVI OMUCaHHBIX Be 44 
W30X0p HU, KpOmMe TOTO, AIA H30XOP Vg 12 I 
(2,7 cm®/r) uv) (3,23 cv/r). Jaa no- | yj 06 | | 
‘CNe@HUX JBYX U3OXOP TeEMJIOeMKOCTh Cy P| | 
TIpH Mepexoje u3 AByxda3Holi odOnactn | Y! ! 
B OJHOa3Hy!O H3MeHACTCA M1JIaBHO, HO 09 ; | 
peskoO. STO JoKasbiBaeT CylleCTBOBaHHe ne 1 Us | Dy 
KPHTHYeCKOH OONACTH, TaK KaK B OT- OU mictienmeral. Pao, 
mune OT TepexoqoB oO KpHTHyecKOH 250 255 260 300 305 310 315 ‘350 355 °C 


= 


oOvlacTH, Tye TeMJIOEMKOCTH IMOcJIe Mepes 
Xojla HW JO epexoya JatoT OTJeVJIBHbIe NO- Puc. 3. Vsmenenwe TenmoemKocTu C¢, B 


4TH TIPAMble JIMHHM (puc. 243), BKPH-  gppyxcasHoit uv ognodasHo oOmacTax Jaa 
THYCCKOH OOMACTH KPUBbIeTeMIOEMKOCTH = H30x0p: U5 = 1, Zod CoN) 5 06 Oe 
Cy pu Mepexoye us ByxtasHo oGua- cM9/P; 07 = 1,741 cmi/r 

CTH B OJHOasHyiO HMeIOT XapakTepHoe 

3akpyrvieHve BOJM3H KpHBOH paBHOBeCHA, KOTOPaA B KPHTH4eCKOH M30xo0pe 
WM B W30X0pax BOVIS ee HMeeT XAPAKTep CIVOWHOM WaBHOL KPHBOH (puc. 4, 
Up H Uy). ITA OCOGEHHOCTh HACTOMbKO XapakTepHa, YTO BCe MePbI MpeLOCTOPOr- 
-HOCTH, MpeANPUHATHIe AIA ycTpaHeHua sTOrO shekTa Kak TPHBMAbHOFO, He 
“TIPHBeIH K MOJOKUTEbHBIM Pe3yJIbTATaM, H OH MOCTOAHHO COMYTCTBOBA BCeM 
W3MepeHHAM B 9TOM paitoHe, OOLEKTHBHO JOKasbiBaA CYIeCTBOBaHMe OOsacTH 
-KpuTwyecKoro cOCcTOAHHA BellecTBa. XO y4aCTKa KPHBbIX 3aBHCHMOCTH Tell- 
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JIOCEMKOCTH C, OT TeMMepaTypbl, MO BCeH BePOATHOCTH, ABJIAeTCA CJIEQCTBHEM 
OCTaTOUHOM MHKpOreTeporeHHOCTH CHCTeMbl, KOTOpad HMeeT TeHeHILHIO K Opic- 
TPOMY YMeHbUICHHIO C MOBbILIeHHeM TeMMepaTypbl, HM NMorsoulaeT Mp 3TOM 
HeKOTOpy1o jOOaBouHyoO 9HeEprHuio Ha JlaJibHekilee MpoOIeHHe MUKPOCKO- 
MMYeCKHX Kanedb. BenegctBve 3TOorO, cucTeMa OyfeT oOO6aaTb HEKOTOPOH 
OOaBOYHOK TeNJOeMKOCTHIO. WO TeX MOP, MOKA 3TOT Mpollecc He OyfeT) 
3aBeplleH JO KOHILa, T. €. 20 O6pas0BaHHA MOJIHOCTbIO TOMOFeHHOM Casbl. 
KpuTH¥eCKHH YeJIbHbIM OObeM Uxp = Ug = 3,23 cm?/r OblvI ONpeeeH HaME 
pauee ('), ucxoqa u3 Teopuu B. K. Cementenko Ge 
Kpurnueckan TemilepaTypa B HacTosuleH padoTe onpeqeAaCh rpacbuyeckn, 
Ha KpuHBOH 3aBHCHMOCTH Cy, OT TeMMepaTYpbI NO KpHTHYeCKOH H30xOpe UMeeTC 
yuacTOK MOUTH BePTHKAJbHOrO cNaka TeMJIOeMKOCTH HM ydacTOK TIpAMOJIMHeH HOM 
3aBHCHMOCTH TeMJIOCMKOCTH C, OT TeMMepaTypbl Mocue mepexoya B rOMOreH HY!O 
cbasy, MexKXY KOTOPbIMH KpHBanA 3akpyrvieHa. JIHHeHHbIe NPOAOMKeHHA STUX 
yuacTKOB llepeceKaloTca B TOUKe, TeMMepaTypa KOTOPOH NpHHMMaeTCA HaMU 3a 
KpUTHYeCKy!IO HW paBHa Ty, = 374,34°. : 
M3 HMxKHeH KpHBOH puc. 4 BUAHO, ITO TeMJOeCMKOCTbh NO NMOrpaHH4HOK KpH- 
BOH CO CTOPOHbI 2%KHAKOCTH Mp YyBeJIMGeHHH yeJbHOrTO OObeMa OT U1 JO Uy, 
WIA KOTOPBIX TemMepaTypbI Mepexoga coctapisiot Ti = 50° u T; = 350°, 


Kah/e-epad 


a) 

{i 

12 

Q7 a a 

50 75 100 125 150 175 200 225 250 275 300 325 350 3752 °C 
7—_~ 

Puc. 4. W3menenve TenoemMKocTH c, MO MeBOH MorpaHHyHOH KPUBOH CO CTOpOHBI 
aByxiasnoit Hu omHodasnon SGnacreae oe —Te Ke, uTO Ha pe. 2 U3. Vg= 


=) (CMe/P Up ==15. 2OmCMe) 
/ ? / 


yMeuburaetcs oT 0,975 no 0,752 Kan/r-rpan. Tocae maHumMyma mipuv 300° pu 
JaJIbHeMINeM YBeJIMYCHHU yeJIbHOrO OGbeMa MH TeMMepaTypbl Mepexosa BIWIOTb 
JO KPHTHYECKON TOUKH TEMJIOCEMKOCTb Cy CO CTOPOHbI XKUAKOCTH 10 NOrTpaHHyHou 
KPpHBOH pe3KO BO3pacTaeT, MOCTHrad MaKCHMYMA B.KPUTHYeCKOH TOUKe: Cy = 
= 1,69 kan/r-rpan. 


Ta6 1M ima st 


JipyxdasHan o6sactb OyuodasHaa oO6nacTb 
eG Cy, KKaN/r-rpaq Cy, KKas/P-rpay 
peo eee pacxow*fenve, 
9Kcnl. pacu.(§) a ken. pacu.(?) : = 
50 1,000 0,9986 Oeyalts) 0,975 0,963 24 
100 1,008 41,0065 0,15 0,930 0,900 Bein 
150 1,036 41,0268 0,8 0,885 0,840 5,3 
200 4,079 41,0628 0,58 0,837 0,782 5,8 
250 a hed 223 0,8 0,800 0,755 Do 
300 1,240 4, 2393 G72 0,760 0,724 5,4 
340 1,467 4,418 3,4 0,754 0,704 ae 
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V3 BepxHel KpuBow puc. 4, TpefcTaB Alone H3MeHeHHe TeIJIOCMKOCTH 
_aByxbas Holt oOslacTH WM TIpHMbiKaioweH K NMOrpaHH4HOH KPHBOH, BUHO, 4TO 
SIIJIOCMKOCTb B AByxXasHoH OONacTH pH yBeMYeHHH yebHOrTO OObema U 
emMllepaTypbl Nepexosa BIWIOTh JO KPHTHUeCKOM TOUKH BOspacTaeT, MpHuem 
KOPOCTb BOSPaCTaHHA CHJIbHO YBeJIMYHBaeTCA pH Temnepatype Blue 350°. 

CpaBHenve SKCIepHMeHTAJIbHEIX 3HaYeHHH TEMJIO€CMKOCTH Cy C pacueTHBIMH (°) 
AByXasHou u OHOasHOH OONACTAX, IPHMbIKalOWUX K NOPTPaHMIHOH KPHBOH, 
puBogutca B Tad. |. M3 sto Ta6mMubI BHAHO, 4TO B ABYXxcbasHOH OGacTH 
0 TemmepaTypbl mepexogza 300° PacxoweHHe SKCIePHMCHTAbHBIX AHHbIX 
|pacueTHBIMH He MpeBbiuiaeT 0,8%, a pu Temnepatype nepexogza 340° ono jo- 
ruraeT 3,4%. B ofnodasHoli o6uacTH, IIPHMbIKatouleH K JIeBOH NorpanwvyHoH 
puBoH, Npu Temmepatype nepexoga 50° pacxomeHue IKCHEPUMeHTAJIbHBIX aH- 
BIX C pacueTHbIMH cocTaBineT 1,24% u pH yBeHYeHHH TemMepaTypbl OHO 
p3pactaeT Jo 7,7% Mua TemnepaTypb nepexoga 340°. 

M3 cpaBHeHHA MOJIYYeHHbIX HAMM pe3yJIbTaTOB C PaC¥eTHbIMH MOKHO- 3a- 
JHOUNTb, YTO B AByxdasHou OGsacTu Bbuue 300° pacueT cy, MO KasIOpHueCKHM HU 
2PMHYECKHM BeJIMYUMHAM HM TO 3HaYCHHAM UX MPOW3BORHBIX IPHBOLUT K 3a- 
eTHOH omwHOKe, a B O§HOdasHOH OONaCTH, MpHMbiKalomleH K NorpaHHuHon 
PHBOH, ompeleneHue Cc, pacueTHbIM TlyTeM BOOGIE HeEAOMyCTHMO. 


: JlarectancKuh duauan ; Tlocrynuao 
AkagzemuH Hayk CCCP eit TOG 


IMTHPOBAHHAH JIATEPATYPA 


- 1X.H.Amupxauos, A.M. Kepumos, JAH, 113, Ne 2 (1957); TennosHepreruxa, 
89(1957). *B. K.Cemeuueu ko, KOX, 26, 1337 (1952); af 1461 (1947). 3 B. B. 
Bue B, Wux.-pu3. «ypH., 3, Ne 7 (1960). 
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Jloxnann Axagemun nayr CCCP 
1961. Tom 139, Nv 2 


PHSHTECKAA XHMHA 


X. JI. APBAH, [f. A. KOPCYHOBCKHM x C. 10. JIEBEEB 


®OTOBOCCTAHOBJIEHHE WH JEMETHJIMPOBAHHE 
THASHHOBbIX KPACHTEJIEH HA 30JIE KPEMHE3EMA 


(IIpedcmaeaeno axademuxom A. H. Tepenunoim 3 II 1961) 


B named JadopaTopuH ObLWIM MOCTAaBJIeCHbI paHee OMbITbI MO BbIACHEHHIO BOC- 
CTAHABJIMBaloleH CMOCOOHOCTH BOJbI, CBASAHHOM MOBepXHOCTbIO TeJIA KpeMHe- 
BOM KHCJIOTbI — MHKPOMOPHCTOLO CTeKJIa, MO OTHOMWIeHHIO K M€THJI@HOBOMY To- 
Jry6omy ('). B BakyymMe HaOmofaocb doToppilpeTaHHe acopOupoBaHHoro 
KpacuTesia H OOpaTHoe NOABJIeEHHe OKPaCKM MpH BycKe KuCMOpoxa. STOT pe- 
3YJIbTaT Ob] HHTeEplpeTHpOBaH Kak MOTOBOCCTaHOBIeHHe KpacHTesA MOJIeKyJa- 
MH BOfbI HIM NOBeEPXHOCTHBIMH THy- 
POKCHJIbHBIMH (CHJIaHOJIbHbIMH) rpyn- 
mlaMH, HaslMuHe HW CBOHCTBa KOTOPbIX 
ObIH paHee BbIACHeHbI B Jla6opaTo- 
pHuH oO MHpakpacHblIM ciekTpaM 
mormomeHua (*), 

JjaHHasd padoTa noBTopsxeT 9TH 
ONbITbI B HHbIX YCJIOBHAX C IeJIbIO 
MOJIY4eHUA Ooee JOCTOBePHbIX Lau 
HbIX O Tpowecce doTOBoccTaHoBJe- 
Hua. B HawMx uccsieqoBaHHAX Me- 

J00 550 600 650 700 mye THJICHOBbIM TouyOoK MH Apyrue THasH- 

wars HOBBI€ KPacHTeJIH aCOpONpOBaJIUCh 
Puce. 1. Bausanne 30/14 Ha [HMepHsalluio Kpa- Ha cua60 pacceMBalolux BOTHER 
cuTejel. /—cmeKTp mnorjomeHHa Bofuoro 3O0JIAX KPCMHEBOH KHCJIOTHI, UTO II03- 
pacTBopa MeTHJeHoBorO rouly6oro (5:10-°M/), BOJIMO NOyuYaTb CMeEKTPbI Morsowse- 
2—tTo xe B upucyTcTBuu 3008 (1,8 r/a) HUA acopOaTa He TOJIbKO B BHIH- 
MOH, HO HM B YaAbTpadbuomeTOBol 06- 

w1acTH. 

301M NpHroTOBIAIHCh ZByMaA cnoco6amu: 1) rHypouu3s0m TeTpasTHIOBOTO 
acbupa KpeMHEeBOH KHCJIOTHI HU 2) peakuHel CHIMKaTa HaTPUA C COMAHOH KUCOTOY 
C MOCJIELYIOWMM SIeKTposMatH30m pacTBopa (*). Jia onpelereHuad KOHUeHTpa- 
WMH KpeMHe3eMa B paCTBOPe 30JIA, NPOHSBOAHOCh ynapHBaHve H3BeCTHOTA 
oObemMa pacTBopa, IpoKamuBaHue mpu 500° C u B3BelIMBaHHe Cyxoro OCTaTKa. 
Hamu MpHMeHAJIMCh pacTBOpbI Cc KOHWeHTpauned oT 8 Jo 0,5 r/. Peakuua pac- 
TBOPOB BO BCeX CJ1yuaAx Oblwia HeHTpaJIbHOH. 

PacTBOp 30JIf CMeLIMBaJICA B ONpeeJIeEHHOM COOTHOWI€HHH C BOJHBIM pac: 
TBOPOM THA3HHOBOTO KpaCHTeJIA MU3BeECTHOH KOHUeHTpalun. Copnagenve 00: 
2K€HHA MAKCHMYMOB KaK MOHOMepHoro (665 mp), Tak u AuMepHoro (~ 610 mp) 
B CHeKTpe NOMIOWeHHA KpacHTeJA, acopOupoBaHHOrO Ha 3071e, C MOOKe: 
HH€M MaAKCHMYMOB B CII€KTpe BOAHOFO pacTBOpa KPaCHTeIA YKAa3bIBaeT Ha OTCYT 
CTBHe CHJIbHbIX BOSMYIJCHHH B MOJIeKyJle TocJleqHero mpu aycopo6uuu. J[ume 
pH3alHA MeTHJICHOBOrO TO/yOoro SHAUHTeJIbHO YBeJIMYMBaeTCA Tipu BBeeHUb 
30JIA, 4YTO BHAHO u3 puc. | (yBeHYeHHe MaKCHMYMA, COOTBETCTBYIONero MO: 
TJIOMEHHIO JMMePOB, IIpH OTHOCHTeJIbHOM YMCHbIeHHH MaKCHMyMa MOHOMepoB) 
KoaryJAluaA 30/10, HaCTyNaioulad BCJIEACTBHe OXJaKIeCHHA PacTBOpa HIM eFC 
cTapeHHa, yCHJIMBaeT arperallMio KpacuTesia. CnekTpbl MOriOuleHHA BOJHbI 
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acTBOPOB a3ypa I HW THOHHHA IPH BBELEHHH 30 H3MeHAIOTCH 3HAUHTebHO 
a1a6ee. . 

lia mpopeyenua sboTOXuMHYeCKOH peakIMH MpHMeHANach nocKocTeHHaa 
BakyupyeMax KioBeTa U3 yBHoueBoro cTekwa. IIpeqBapuTembHO, AI OTKAUKH 
iO3yxXa, OKPalIeHHbIM PaCTBOP 30JIA 3a/IMBaJICA B WapooOpasHbili CoKOBOli 


“S 
: Ne 
200 300 wo, 500 BDO mie 


Puce. 2. Buauanue OCBeNIeEHHA Ha CNeKTPbI MOPIOWEHHA BOJHBIX paCTBOPOB Kpa- 

CHTeJleH B IpHCyTCTBHH 30/1. @ — MeTHJICHOBbIM Tro y6on, 6— asyp I u @ — THo- 
| HHH. Kpuspie /, 2, 3 COOTBeTCTBYIOT CI€KTPaM MOTJIOMLCHHA, CHATLIM, COOTBETCT- 
| BeHHO, JO OCBeNleHHA, MocJlIe OCBelMJeHHA H Yepes Yac MocWe Wycka BO3yxXa B 

KiopeTy. KpuBasa 4 — cmekTp MOriouleHHsl MeTHJIeHOBOrO ToJly6oro MocJe ueTHI- 

‘ pexX WHKJIOB OCBelleHHA B BaKyYyMe H NyCKa BOo3syxa B TeEMHOTe 

OTpocTokK. OTkayka MpousBoyusach 6e3 3aMopaxKUBaHUA, TaK KaK 30JIb Tipn 
OxlaxKeHMH Koarysupyet., bpwio ycTaHOBJIeHO, YTO CKOPOCTb POTOBHILBETAHHA 
MaJIO H3MeHAaCcb pH Tepexoyle OT OTKaYKH JudPy3SHOHHBIM HacocoM K OT- , 
Kauke BOJOCTpyHHbIM. OcBoOoxeHHbIN OT BO3Lyxa pacTBOp TepeHBacs.. 
B BaKyyMe B KIOBeTY, B KOTOPOH H3MePAVINCb CleKTPbI NorsomeHuA. Ja u3me- 
peu B BHAUMOHM OONACTH UCMOIb3OBaJICA CeKTpomoTometTp CO@-4 u peructpu- 
PylouuuH cnekTpodotomerp C®-2M, B_ yabTpaduoneroBoH — cneKTpodoro- 
metp C®-4, Ocnemenve mpousBoyuioch OKYCHPOBaHHbIM CBeTOM KHHOJIaMMbI 
500 BT yepe3 BOAAHOH CUNIETP M CBETOPUILTPLI, HCKIIOUABLINe TIMI BOK 
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Kopoue 600 mp (quit MeTHseHOBOrO rowy6oro u asypa 1)n 550 mp (419 THOHNHA), 
SuHeprusA, NOTOULAeMaA PaCTBOPOM HPH PaciOJIORKeHHM KIOBETHI B COKyce aM= 
Mbl, cocTaBiasa 0,36 BT: AIA MeTHJIEHOBOTO roslyOoro wn O,21 BT qa THOHHHA 
pu OOblMHO MpHMeHAeMOH KOHUeCHTpalMN KpacuTeneH 5:107> M/a. 

Ha puc. 2 mo0ka3aHbl H3MCHeCHHA CIHeKTPOB NOTVIOUeHHA PpaCTBOPOB meri 
uleHOBOro rosy6oro, a3ypa I uv THOHHHA B NPHCYTCTBHH 30JIA Mocse OCBeLIeHHA. 
Yoke MATHMHHYTHOe OCBEIeCHHe PaCTBOpa MeTHJIeHOBOrO TOJyOOrO BbIsbIBaeT 
3HAUHTEIbHOe OCMAGMEHHE MOJIOC NOPIOMeHHA KpaCHTeJIA KaK B BAMMOH, Tak 
H B YJibTpaPHoseToBon OOnacTu. I]potecc BbIBeTaHHA COMpOBOKAaeTcA M0- 
ABJICHHEM HOJIOCbI MOTJIOULeEHHA C MAKCHMYMOM 200 Mp, COOTBETCTBYIOMIeH JIeHKO-= 
COeMHEHHIO M€THJICHOBOTO rosyOoro, YTO MOATBepxKLaeT HMEHHO CPOTOBOCCcTa- 
HOBsIeHHe KpacuTesa (*). [locme mycka BO3qyxa B KIOBeTY C OOeCIIBEYCHHBIM 
PaCTBOPOM OKpacKa pereHepupyeT, HO MOOCa NOTIOULeHHA OKA3bIBaeTCA CMe= 
I[@HHOH B CTOPOHY KOpOTKHX JIHH BOJIH, KaK B OMbITaX C MHKPONOPHCTHIM 
cTekiom (1). Hosoe nowoxeHve MaKCHMyMa COBMayaeT C MaKCHMYMOM TIOTVIO- 
lleHHA KpacuTemn a3ypa I, npuBegqeHHoro Ha puc. 2 6. PacTBop a3ypa B MpH- 
CYTCTBHH 30JId 3HAYNTeJIbHO MeHee CBETOUYBCTBHTeJIeH, YEM PaCTBOP MeTHJIe-— 
HOBOrO TowyOoro, HW TOIbKO uepe3 30—40 MHH. OCBeLIeHHA CTAHOBATCA 3aMeT-= 
HbIMH H3MeHeHHA B cnekTpe. IIpu sTom HaOsOfaeTCH HenOJIHOe BbILBeTaHHe 
CO CIBHrOM MaKCHMYMa B KOPOTKOBOJIHOBYIO CTOPOHY H MOABJI€HHEM IIOJIOCHI 
MOFIOULeHHA JIeEHKOCOeAMHEHUA B yJbTpaduouete. IIpomykT perenepawuu mocse 
mycKa BO3lyxXa UMeeT CHeKTP, COBMaaOulHi CO CNEKTPOM MOPOWeHHA THO=_ 
HuHa (puc. 26); PacTBop THOHHHA B MPHCYTCTBHH 30JIX H€YYBCTBHTeJIeH K OCBe- 
meHuio. Ha6srogaemoe HeOoOJbII0e BbIILBeTaHHe B pe3yJIbTaTe MHOTrOuacoBOrO. 
OCBeIIleHHA HeOOpaTHMO MH HE COMpOBO*RAaeTcA CABHTOM MOVJIOCHI. 

IIpu MHOoroKpaTHOM TOBTOpeHHH OCBeIeHHA PaCTBOPOB MeTHJIEHOBOrO To- 
JyOoro C 30J1IEM B BaKYYMe JO MOJIHOTO BbILLBeTaHHA H HalyCKaHHu BOsLyxa JO- 
pereHepaluu, HaOoqaeTcA LaibHeHWMH CABUT MOJIOCbI C YMeHbINeHHeM ONTH= 
yYeCKOH MJIOTHOCTH B MakcCHMyMe. KoneuHbI MpoxyKT TakOH OOpaOoTKH HMeeT 
CHEKTP MOTJIOUNLCHHA, PaCMOJIOWKeHHbIN MeKAy CNeKTPpOM a3ypa I uM THOHHHOM 
(puc. 2a, kpuBasn 4). 

Jlo6apsieHue HeOOMbUIOO KOJIMYECTBA KUCJIOTHI B PaCTBOP 301A C KpacuTe- 
JIOM H€ H3MeHACT CNEKTP MocseqHero, HO CHJIbHO NOHMKaeT CFO YYBCTBUTEJIb- 
HOCTb K cBeTy. YoxKe pu pH 5 Aas NosHOrO BLILBeTaHHA TpeOyeTcaA NpHOMHsH- 
TeJibHO 1,5—2 uaca, BMecto 10—15 muu. Jia HelTpambHoro pacTBopa. IIpu 
MeHbIIMX PH pacTBop MpakTHYeCKH He4YYBCTBHTeJIeH K OCBEIIeHHIO. 

O6pa3yroulascA B pe3yJIbTaTe (OTOBOCCTAHOBJICHHA B IIPHCYTCTBHH 30/10 
NeHKOopMa MeTHJIeHOBOrO ToOJyOoro OGayaeT TAKHM 2K€ BOCCTAHOBHTEJIbHBIM — 
{elCTBHeM I10 OTHOLIeHHIO K HeopraHHyeCKMM OKHCJIMTeIAM (HanpHMep, HOHaM 
Fe**), Kak u JleliKocdbopMa, NMomwyueHHaA B TOMOreHHbIX ycsioBuax (*). IIpu qo-- 
OaBJleHuH B BaKyyMe K OOeCIBeYeHHOMY OCBeIIleHHeM pacTBOpy C 30JIEM He- | 
CKOJIBKHX Kall€JIb BOLHOTO pacTBOpa XJIOPHOrO 2Keesa C O-(PeHAaHTPOJINHOM Ha- 
OofaeTcH NOABeHHe (uOJeTOBOrO OKpalIMBaHHA, BCJIecCTBMe pereHepalluH 
MeTHJIeHOBOrO rosly6oro, C OMHOBPeMeHHbIM MOABJIEHHeEM KpacHOH OKpaCKH 
wvoua Fe (Phen),?*. Tak xe Kak M B Cayuae OKHCIEHHA JeuKOdOpMbl KUCJIO- 
POJOM, MaKCHMyM KpacHTeJIA MOCJIe BOCCTAHOBJIEHHA OKPaCKH CABHraeTCA B KO- 
POTKOBOJIHOBYIO CTOPOHY. 

CnelyeT 3aMeTHTb, YTO peaKILMA BOCCTAHOBJIeHHA HOHOB Fe** jeiKodopmor 
KPACHTeJIA WeJIHKOM MIpOXOAHT Ha MOBEpXHOCTH 3014, a He B OObeme. [loqo6Haa 
peakIMA, MpoBesqeHHad Ha MOpoOuIKOOOpa3sHOM CHIMKaresle, WoKa3aa, TO 
KOJ/IM4eCTBO MOHOB Fe?*, HaxoAulMxca B pacTBope (Moce OTJeMeHHA MOpoUKa 
WeHTpudpyrupoBannem), IpeHe6pexkUMO MaJIO 10 CpaBHEeHHIO C acopOupoBaHHbimM 
Ha NOBe€pXHOCTH CHJIMKaresa. 

Cnyyatinoe copnayeHve MaKCHMyMa NorsoujeHua CbOTOMpoykTa MeTHJIeHO- 
Boro rojlyOoro ¢ JHMepHbIM MaKCHMYyMOM MocJIefHero ObIO B npewbi tyme 
padote (') mpunucaHo mpomeccy AuMepHsallun KpacnTesA, NpoucxoLallen No 
BJIMAHHEM HarpeBaHHA afcopOaTa cBeTOM. OjHakO HOBbIIMeHHe TeMMepaTyphl, 
HaoOOpoT, AOJI2KHO TIpeNATCTBOBaTh AuMepusaunu KpacuTensa (°,7). B Hamux 
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CNOBHAX HarpeB pacTBopa C PereHePHPOBaHHbIM METHJICHOBLIM FroulyObIM Ha 
oe No 70° He BHISbIBal HUKAKOFO MSMeHEHUA CHeKTpa normomenua. Ha6mo- 
aemoe IIpH pereHepalluH H3MeHeHNe CIeKTpa cOBepieHHO HeOOpaTuMO UM He 
(OX%KeT, CJICAOBATEIbHO, MPHMUCHIBATbCH THMepUsaluN KpacuTe/s. 

OTO MOATBEpKLaeTcA TakK%Ke MH UPUBEAeCHHBIMM cHeKTpamu. Kpupan 2 wa 
mc. 2 @ UMeeT XOpPOlIO BbIpaKeHHbIi MeperHO Ha KOPOTKOBOJHOBOM cradle, 
TO XapakTepHO JI CIeKTpOB NOrNOMleHHs| MOHOMepoB KpacutTeseli. Kpo- 
f€ TOO, CNeKTphl NOrMOWeHHA JHMepOB KaK MeTHMeHOBOrO rosy6oro, TaK H 
PyrHxX KpacnTene uMeloT Oosee HH MeHee BbIParKeHHbIit MOGOUHbI MaKCHMYM 
fa JJIMHHOBOJIHOBOM cnaze (",°). O6pamaeT Takxe Ha ceOa BHUMAHHe CIBUT 
MIbTpapuoMeTOBOH MOJOCHI NOTIOWeHHA PereHePpHPOBAHHOTO KpacnTela mo 
THOIWCHHIO K MCxOf{HOMy. B cu1yuae WuMepH3alNu HHKaKOTO CABUra MOCCHI 
[OrIOULEHHA MeETHJIEHOBOFO TosyOoro B YJIbTpauoseTOBOH OGacTH. He MpoHc- 
Daur (*). 

Takum oO6pa3oM, B pe3sy/IbTaTe OKHCMe€HUA NevKOMOPMbI THASHHOBbIX Kpa- 
MTeeH, alcOpOMpoOBaHHbIX Ha BOHBIX 304X HM MHKPOMOPUHCTOM cTeKJe, Mpo- 
ICXOQMT OOpas0BaHHe HOBOTO KpacHuTeJIA, a He WHMepusalluA UCXOAHOrO. CoBma- 
\eHHe CHEKTPOB NOrioueHHA POTOMpOLyKTa MeTHJeHOBOrE TomyOoro CO CieKT- 
bom asypa I uM, COOTBeETCTBEHHO, CieKTpa Normomenua dboTonpoxyKta a3ypa I 
40 CM€KTPOM THOHHHA TMO3BONAeT MPeMMONORKUTb, UTO HMeeT MECTO TIpOLece 
[€MeTHJIMPOBaHHA THASHHOBbIX  KpaCuTeselH OMHOBPeMeHHO Cc OO6pa30BaHHeM 
Teikodopmpl. JlelictsutTeipHo, asyp I H THOHHH OTMHUAIOTCA OT M€THJICHOBOFO 
‘oMyOOTO JIMIIb MoceqOBaTeJIbHbIM 3aMelleHHeM OAHOK uw AByx rpynn N(CHs)> 
aa NHg. 

AnagiormuHoe saBsleHHe HaOwIOqamM paHee YotepcnyH u Octep (?°) y Tex 
Ke THASMHOBHIX KpacuTeJen, a.cOpOHPOBAHHBIX Ha OJMaKPHJIOBCH HM MeTaKpH- 
fMOBOH KuCNOTAaX, IpaBga Oe3 oOpasoBaHHA sielikodopmpl. B Haiem culyyuae 
DOpasoBaHHe MeHKO*OpMbI TeCHO CBA3aHO C MpoleccoM JeMeTHJIMpPOBaHHA. 
MoxKHO MpesNosoKUTh OOPas0BaHHe aCcOpOWMOHHOH CBA3H KpacHTeA c No~ 
3e€pXHOCTHBIMH rpymmamuH OH xkpemuHe3ema, OCYIIeCTBJISeMOe KAK TO WEHTPaJib- 
HOMY ATOMY a30Ta, Tak HM M0 a3s0Ty ayKcoxpomHbIx rpynm N(CH;). Ouesnguo, 
4TO (POTOBOCCTAHOBJIEHHE MOJIEKYJIbI KPaCHTeJIA METHJICHOBOrO Towly6oro HW asypa 
3a CUeT ATOMOB BOJOpona rpynm OH KpemHesema JOKHO CONPOBOKTATLCA 3a- 
MeII€HHeM MCTHJIbHbIX TpyMM KpacuTeJIA Ha ATOMbI BOLOPOa M BbISbIBATb Me- 
fWJIMpOBaHHe MOBepXHOCTHBIX, Tpylll — mpowecc, XOpouwlo HSyYeHHEIM MA 
TBepOro CHINKAareaA B MHbIX ycoBUuAx ("). Monekysia THOHHHA, He oOnaaio- 
(1ai MeETHIbHbIMM rpymmamu, Oyyyu He B COCTOAHHAM CCYMIeECTBHTb NOOOHbI 
oOMeH, He OOpasyeT weHKOdopMEt. 

- VWnymas fo Kona peakitua (oOTOBOCCTaHOBJICEHHA MeTHJIeHOBOrO rosy6oro 
M a3ypa aeT OCHOBaHHe NpelNOaratTb, 4YTO B HaIMX YCOBUAX BC€ MOJICKYJIbI 
KpacHTea HaxXOAATCA B ajcopO6upoBaHHOM cocTonHHH. Ha6bsiogaemoe Hamu 
MosaBAeHve peakWHU POTOBOCCTAHOBJIEHHA KUCJIOTOH, BOSMOXKHO, OOYCJIOBMEHO 
HapyuleHHeM STOTO aCOpOWHOHHOFO B3aHNMOJeHCTBHA. 

+ AsrToppi BbIpaxkartoT rry6oKy1o OlarogapHocTh akay. A. H. Tepenuny, no 
TpemOKeHMIo HU TOk PYKOBOLCTBOM KOTOPOrO BHINOIHANACh 3Ta padorTa. 


Hoerynuno 
20 I 1961 
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Jloxnann AkanweMun Hayk CCCP 
1961. Tom 139, Ne 2 


@H3HYECKAA XHMHA 
B. A. JIAPHH u H. A. BAX 


OKKCJIEHWE WH BOCCTAHOBJIEHHE PA MKAJIBHbIMM + 
MPOWYKTAMH PAXMOJIM3A OPrTAHHYECKHX COERHHEHHMA 


(ITpedcmaeaeno axademuxom A. H. ®pymxunom 10 III 1961) 


yeHHH 6e3 y"yaCTHA MOJIEKYJAPHOTO KUCMOpOfa 3a CuUeT NPOLYKTOB palvosusa — 
OpraHMYeCKOrO paCTBOPHTeIA ObIIO YCTAHOBJIEHO HAMM JIA PaCTBOPOB JI@HKO- 
OCHOBaHMH HeKOTOpHIX TpHcbeHHJIMeTAHOBbIX KpacuTesleH B KeTOHAaXx (1). STO © 
HCCJIeEOBaHHe OLWIO 3aTeEM PaCIpOCcTpaHeHO Ha Apyrue opraHwyeckue pacTBOpH- 
TeJIM, IpHueM B KayeCTBe HHLMKATOPa OKHCJIMTeJIbHO-BOCCTAHOBHTCJIBHBIX MpO- 
ueccoB Oba MCHOJb30BaHa OOpaTuMaA peMOKC-Mapa MeTHJICHOBLIM rowyOou 
(MI) — metxoocHopanve (JIMI), panuaiHoHHoe n0- 
BeleHue KOTOPpOH HeOJHOKPaTHO UCCeFOBAaOCh B 
BOJHEIX pacTBopax (7-4). B HacTosmlem cooOmeHHu 
IIPHBOAATCA pe3YJIbTaTbl, MOKa3bIBaloulHe, 4TO B 
3aBHCHMOCTH OT MpHposbl opranuyeckoro pacTBOpH- 
TeJIA IPH OOJYYCHHH MOKET MPOHCXOAUTb KaK OKUCJIe- 
uue JIMI, Tax u BoccTaHoBeHHe MI. 

Bpiio HccJIeqOBaHo JleHcTBHe H3yYeHHA Ha pac- 
TBoppt JIMT u MI ot 10°°M go 107M B aueroue, 
HHTpOMeTaHe, MeTaHOJe, 9TAHOJe, A-TipomaHoule, A- 
OyTaHoule, OpMamuse, nupHAUHe, N-metundopmMamuse 
u N,N-qumetundopmamuge. Bce pacTBoputTeM nog- 
BepraJHCb TIlaTedIbHOK OuNcTKe; MI HeckoubKO pa3 
NePpeKPHCTaJIM30BaJICA H3 BOMbI UM ITHMOBOTO CHHp- 
Ta. Becuperupie pactsoppt JIMI roropusiucb Boc- 
xoa paftuannonnoro oxa- CTAaHOBMeHHem MI” Bogopogom B mpucyTcTBuu Pd-uep- 
cnenus JIM 8 MTorKon- HM HeMOCpeMcCTBeHHO B HCCJIeyeMoM pacTBopuTese, 
wenTpanuu: J — aueToH, € MOC/eLYIONIMM BbITeCHeHHeM BOOpoOfa a3s0TOM H 
4 oan ae ont oTyeseHuem pacTtBopa JIMI of kaTamusatopa 6e3 co- 

IIPHKOCHOBeEHHA C BO3YXOM. Bo Bcex H3yYeHHBbIX 

PpacTBOPpHTeIAX MPOMCXOMUT B STHX YCJIOBHAX OOpa- 

TuMoe BoccTaHoByieHHe MI no JIMI’. Sanasduuple B aTMOCtepe as0Ta pacTBOpbI 

NOABepraiuch KCHCTBHIO PCHTTeHOBCKOTO HM TaMMa M3JIyYeHHA pH MOMLHOCTH 

josbi oT 2,8 -10'* no 5-10 9B/cm® B 1 ceK. HM cneKTpodoTOMeTpHpoBaJHCb B Tol 
*Ke amnyue. [logpoOHocTH MeTOJMKU H3araioTcsd B APyTOM MECTe. 

Oxucaeuue JIMI. IIpu o6nyuennu 6ecupetHpe pacrsopn JIM B ate- 
TOHe, HHTpOMeTaHe HM MeTaHOvIe OKpaluMBaioTca. CpaBHeHHe cnekTpa Norsio- 
IMCHHA MpOAyKkTa pakuauMOHHOH peakuuuH u cnexTpa MI B cooTBeTCTBeHHOM 
pacTBOpHNTee MOKAa3bIBaeT, 4TO MO ACHCTBHEM H3yYeHHA MpOUCXOANT OKUCIe- 
nue JIM Bw MI’. HaOmoyatouiica Bo Bcex MCCvIeOBaHHBIX CyyaAX JMHe HHI 
pocT kontlentpauuu MI c fo30h B o6nactu qo 5000—7000 pam no3sBouseT BBI- 
YMCIATh PakWNalMOHHbIM BbIXO_ peakuuil. 

Ha puc. 1 mpelcrapjieHa 3aBHCMMOCTbh pafMallMOHHOrO BHIXOMa OKHCeHuA 
JIMY no MY or Konuentpayun JIMD yaa yeteipex pactsoputene. B HuTpo- 
meTaHe WH MeTaHOviIe HaOwOaeTCH BHayae POCT BbIXOMa C KOHICHTpaluen, 
3aTeM OOJIACTh He€3ABHCHMOCTH BbIXOJa OT KOHWeHTpalwnu mexay ~ 10-> M 
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OcymlecTBIeHHe peaKIMH OKHCJICEHHA OX WeHCTBHeEM HOHHSHPYIOWIUX H3Jy- : 
| 
| 


Puc.1. «3aBHCHMOCTb  BBI- 


eHTpauuax HuxKe ~ 1077 M. 


[emsleTcA TONbKO BOCCTaHOBJICHHeM MI go 
JIMT. Kputepyem nocmefHero spsaetca 
TOJHOG BO3SpOXMeHwe UCXOJHOM MHTeCHCHB- 
HOCTH OKpaluHBaHHA Mp Bilycke KucMOposa 
8 pacTBop. 

IIpeqcTaBeHHbe Ha pc. 2 KpHBbIe, Co- 
ITBETCTBYIOUMe OOIyYeHHIO B aTMOC(pepe a30- 
fa HW BLIepxKUBaHMIO Oe3 OOyYeHHA Mocue 
BIyCKa KHCJOpOfa, WJIOCTpHpyioT TPH BO3- 
MOMKHBIX CIYIAA: MOJIHOCTHIO OOpaTHMOe BOC- 
cTaHoBsienne Jo JIMI B dopmamuye, uacTu4y- 
Hoe BoccTaHoBeHHe no JIMI uw uacTuuHoe 
HeoOpaTumoe oGeciiBeuuBaHHe B N-meTH- 
tbopMamuye HM OMHOCTbIO HeoOpaTumoe oOec- 
uspeauBanne B N,N-numetumdopmamuge. Ha- 
WGaJIbHbIe YYaCTKH KPMBbIX JIMHeHHbI, HM UX 
HaKJIOH, COOTBETCTBYIOINHH palHalluOHHOMY 
BEIXOLY PeaKIUMM, 3aBHCHT OT HCXOJHOH KOH- 
leHTpauuu Kpacutena. Ha puc. 3 mpesctas- 
JIeH BbIXOA OOpaTHMOrO BOCCTAHOBJICEHHA B 
yHKWUUM OT KoHUeHTpaunu MI B psge pac- 
TBOpUTeeH. XapakTep 3aBHCHMOCTH aHaJIO- 
TuyeH HaOJOaeMOoMy TIPH peaKUWAX OKHC- 
aeHua JIMD go MI, Ho KpuBpie oOppipaioTca 
paublle, Tak Kak B Oojee KOHWCHTPHpOBaH- 
HbIX PaCTBOPaX BO3MOXKHOCTb H3MepeHHit 
OrpaHHuMBaeTcA BbICOKOH ONTHYeCKOH MOT- 
HOCTbIO. 


~ 10°? M, u, HaKOHell, HOBBIi pOCT BbIXOLa; B Cly4ae ANeTOHA BHIXON 3Ha- 
ATCJIbHO BbIMIe HW JOCTHaeT MOCTOAHCTBA JIMIUb mpx C ~ 107 M. B npuseyen- 
DOM JIA CpaBHeHHA STaHOJIe OKHCJIeHMe MpaKTHYeCKH OTCYTCTByeT pM KOH- 


\ 

Puc. 2. O6paTumoctTs payualHouHoro oGeciipeunBanna MY. 1 — hop- 

MaMH, 2 — N-meTusmopmamugz, 3 — N, N-numetumpopmamug. 

Cnowuble JMHHH — O6/lyueHHe B aTMoctbepe a30Ta, MyHKTHpHbIe — 

BbIJepKHBAHHe Ge3 OOMYYeEHHA NWoOCNe ByCKa BO3_yXxXa (rOPH30HTAaIb- 
Hb MaciiTaO 0,5 cm = 10 mu#.) 


BoccTaHoBpaeuue MI. Hactmmenupie as0tom pactBoppl MI s opra- 
HM4YCCKUX PaCTBOPHTeMAX BCerfa C OOJbIIMM WJM MeHbINHM BbIXOOM OOec- 
(BEGHBAIOTCA IIPH OOyyYeHHH, HO He BO BCeX ClyyaAax OOeCIBeYMBaHHe OMpe- 


Puc. 3. SaBHCHMocTb BbIxXofa payHa- 

WHOHHOTO BoccTaHoBseHun MI B 

JIMT. f—wmeranon, 2—o9sTaHon, 

3 — vn-Mponanon, 4 — 6yTaHon, 5 — 

cbopMamuy, 6 — N-merudopmamug, 
7 — NHpHfHH 


| Puc. 1 u 3 nemouctpupywr BIMAHMe PYHKUMOHAIbHBIX py B MoMeKy/ax 
OpraHwyueckux pacTBOpHTesei Ha paccMaTpHBaeMble PpeaKlMH: B HHTpoMeTaHe 
WpoucxoyuT Tomko oKuceHHe JIMI, B MeTaHOJIe B paBHO Mepe OKUC/IeHHe 
JIMI u sBoccranossenue MI, a B asucpaTHyeCKHX HOPMAVJIbHBIX CMHPTax, HayH- 


| 


{ 


; 
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Has C sTaHOWa, B OpMaMUe H B NHPHAHHE TOJIbKO OOpaTuMoe BOCCTAHOBMeHHe 
MI 8 JIMI. Jlo konuentpauuti ~ 10°? M npsampim felcTBveM H3/lyYeHHA Ha 
PaCTBOPeHHOe BEIMECTBO MOMKHO peHeOpeyb HM BCe MPOWecchl OMpeleAIOTCA 
B3AHMOJCHCTBHEM akUeNTOpa C MpOMyKTaMH pavOH3a PacTBOPHTeJA. 

B uccmenoBaHHbIx OpraHvuecKHX %KHAKOCTAX OOpasyloTCA pH MevicTBUA 
H3/IYYCHUA PasJIHUHbie MOJIeKYAPHIe NPOAYKThI. CneuwaJIbHBIMK OMbITaMH ObI- 
JIO YCTAHOBJIEHO, 4TO, XOTA B Pale CYUAeB 9TH MPOLYKTHI ABIAIOTCA WA aKWen- 
TOpa OKHCJIHTeENAMM HIM BoccTaHoBHuTetsmu (HNO,, HCHO, CH;CHO u ap.), 
UX POJlb 34 BPeMA OGJYYEHUA B HALIMX OMbITAaX HCuesaIoMe Mala HW HaOmoMae- 
MbI€ IIPONecChI MPpOWCXOLAT TOJIbKO 3a CYeT KOPOTKOXKUBYWIMX MpOLyKTOB 
paqvouusa. 

Oomuli xoq 3aBHCHMOCTH BHEIXOa OT KOHICHTpalluN akienTopa, MpeqcTaB- 
JI@HHEI Ha puc. 1 u 3 KpHBbIMH C XapaKTepHOH Mowla_KOH B OOaCTH KOH- 
weHtTpanuui ~ 10-4—10-? M, xopouo usBecTeH B payMalMOHHOK XHMHM BOJHBIX 
pacTBOpoB, Me OH MHTeplmpeTHpyeTcH Ha OCHOBe KOHKYPeHUMH Pa3sHUHEIX 
peakWui MpOLyKTOB pasnoiu3a BOLL Mey cO6oH uc akuenTopamn. IlnomayKa 
COOTBETCTBYeT MOJIHOMY 3aXBaTY AKUENTOPOM JOCTYNHBIX WIA LAaHHOH peakunu 
pawukaJOB, a JaJbHeHWMH pocT BbIXOa — NOABJIeHHIO HOBOTO Mporecca. 
Hanpaimmpaetca mpesnouomweHve, YTO M B OpraHWyecKHX PaCTBOPHTeJIAX peaK- 
IHH OKHCJICHHA HM BOCCTAHOBJICHHA OCYIIECTBIAIOTCA B Ppa3sOaBJICHHbIX PaCTBO- 
pax Ne€pBHYHBIMH pauKaJIbHbIMH MpOLyKTaMH palwONH3a pacTBOPUTeIA, NpH- 
YeM HalpaBJIeHHOCTh 4 SddeKTHBHOCTb MpoOleccoOB 3aBHCHT OT Mpupomxbl pa- 
J\UKaJIOB H OT HX BbIXOMa. 

Mcnomp30paHHaa pegoke-napa MI — JIMI otgeuaer pByxcTyneHuaTOMy 
_mepexoly. B paqvalMoHHbIxX NpeBpalleHuaAX yuacTHe NepBHUHbIX PpaqHKaJOB 
B MOCJe(OBATeJIbHbIX CTAUAX MHOFOCTyMeHyaTOrO Tepexosa MaJIOBepOATHO. 
MoxHO MNO3TOMY CUHTAThb, TO B paccCMaTPHBAeMOH CHCTeMe NepBUUYHBIe PaluKaJIbl 
oGecneqHBaloT TOJIbKO OLHOCTyMeHuAaTHIH Nepexon oT JIMIT unu MI go mpome- 
XKYTOUHOTO CEMHXMHOHA, a KOHCUHBIE IPOLYKTbI OOpPa3syloTcA B pe3yJIbTaTe THC- 
IponopuvuoHApoBanna nocxeme Ams R, R + (L nau M) > Su 25 3=M+L, 
re A — pacTBopuTesb, S — cemuxnnon, M — xpacuterb u L — netixodopma, 
KaK 9TO HMeeT MECTO B HepafHaWHOHHbIX PpeaKUHAX OKMCJCHHA MH BOCCTAHOBWJIe- 
HHA Takoro Tuna (°). 

Bprxobl N€PBHYHEIX PaHKaJIOB, MPOABJAIOUINX OKHCJUTeIbHBIe HW BOCCTAa- 
HOBHTeJIbHbIe CBOHCTBA MO OTHOLWICHHIO K HCOJIb3OBaHHOH Mape, MOMKHO OLe- 
4MTb U3 BbIXOZOB OO6pasoBaHua MI u JIMIT 8B o6nacTH He3aBUCHMOCTH OT KOH- 
WeHTpaluu akuenTopa. HyKe MpHBeseHbI COOTBeETCTREHHbIe 3HAUeCHHA, MOuy- 
YeHHbIe MPH pawuouuse UCCJIeNOBaHHBIX pacTBOpHTesel. 


Ta6aunna 4 


PacTBoputTewb | G( Ros) : OCRed) PacTBopaTewb CR \ Gi Ried) 
Hutpometau {0} 2el0), 3) 0 4 u-Dytanow 0 eae (V7 
Meranow ees OP 2,8 £0,2 || Copmamuy 0 AOS A 
QTaHod 0 7,0+0,2 | N-meraadopmamuy 0 4,8+0,2 
x-IIponanon 0 6,4+0,4 || Tlupugus, 0) OR, 


B Ta61. 1 He BKJIOUCHbI Pe3yJIbTATHI, TOJTYYeHHbIe C alleTOHOM. OueHb BBI- 
coke 3HayeHHsA MpesenbHoro BEixoya MI (G ~ 13) uw konueHTpaunu, mp KO- 
Topol oH Jocturaetca (C ~ 10-? M), nenatoT MaIOBepOATHBIM YMCTO paUuKasb- 
HbIM Me€XaHW3M OKMCJIeHHA. BosMoxHO, YTO peakKWHA YacTHYHO ObycOBeHa 
BOSOyKJ€HHBIMH MOJIeKYJaMH alleTOHa. OSTOT BoNpoc Tpe6yeT aibHeMWuero 
vecenoBaHna. Bo Bcex Apyrux ClyyaAx BbIXOJbI OCTAaIOTCH B Mpemenax, OKH- 
WaembiX JIA pasWKaJIOB HOHH3aNMOHHOTO Mmpoucxo*wKeHHA. 

PalukaJIbl, OOpasy1ollMeca Mp pawuonMse WaHHOrO pacTBOpUTeIA, MOryT 
BHINOHAT pasM4Hble PYHKWMH MO OTHOMIeHHIO K pa3JIMYHbIM akuelTopaM. 
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Tak, HallpuMep, B Cly4ae MeTaHOa MbI NOJIyYH/IM JWI paluKamoB, BOccTaHaB- 
wmmeajomux MI mw oxucisiomux JIMI, coorgerctBenno G (Rreg) = 2,8 


'G (Rox) =3,6. B To xe BpeMA BBIXOR BoccTaHOBeHUA Feil! IpH paqMomnse 
€TO HeHTPaJIbHbIX MeTAHOJIbHbIX PpaCTBOPOB paBeH, Mo JanHpim Anamca u Bak- 
cenjelina (°), G (Fel!) = G (Rrea) = 6,1, T. €. OM30K K CYMMe BEIXONOB pa- 
ZMKaJIOB BOCCTAHOBUTeJIeH HM pawHKasIoB OKHCIMTeNeH MO OTHOWIeEHMIO K CHCTEe- 
me MI — JIMI. Ouesuguo, ognu U Te xe OpraHHyeckNe paquKasbl, CormacHo 


yKa3aHHbIM aBTOpaM, B OCHOBHOM CH2OH u CHs, cnoco6ubl BoccTaHaBJIMBaTb 
Fel! 4 oxucatb JIMD. Usyuenne peakuuii, B KOTOpbIe BCTYMAIOT C pasJIMUHbIMH 
akleNTopaMH CBOOOJHbIe palNKaJbl, BOSHHKAaIOlMe MpH payMouuse opraHy- 
‘WeCKMX CCeIHHeEHHU, ABJIACTCH TakKHM O6pa30M HCTOUHHKOM cBeseHHii 06 HX 
TeHJCHIMM K MIpHCCeMMHeHHIO HIM OTave B/IEKTPOHOB B pa3HbIX YCJIOBHAX. 
Una Wowysenua TakMX XapaKTepHcCTHK HeOOXOAHMMO HeHTHULUpOBATh Jelt- 
“CTBYIOINMe B KaxKJOM KOHKPeTHOM CJIyyae palNKaJbl, YTO MOET OBITb AOCTHT- 
HYTO IIyYTeEM COUWeTAHHA BbIBOMOB, CeJiaHHbIX Ha OCHOBaHHH KMHeETHYeCKHX 


HccleqOBaHH, C JaHHbIMH, NOJyYeHHbIMH MeTOJOM 3JICKTPOHHOTO MapaMarHuHT- 
HOTO pesOHaHca. 


UuerutyT 9eKTpOXHMHUA Tlocrynusio 
AkallemMuH HayK CCCP 10 ITY 1961 
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@®HZ3HYECKAA XHMHA 


M. A. HIPOCKYPHHH, B. A. WIAPMATbIN, B. H. CMMPHOBA, 
H. M. MOMEPAHLEB, Tr. H. KY3bMHHUEBA u T. A. CHMOHOBA 


MPEBPAIMEHHE OKMCJIATEJIBHOM KOMMOHEHTbI PAMOJIN3ZA 
B CHCTEME HUTPAT — BOJIA 


(ITpedcmaeaeno axademuxom A. H. Ppymkunoim 25 III 1961) 


Jl BbiicHeHuA pom paguKanos OH B mpomecce paquomutTHueckoro BOC- 
CTaHOBJICHHA MOHA HUTpaTa B INeOUHDIX PaCTBOPaX HCCJIeELOBaacb KHHeTHKa 
HakomueHua 1202 u Oz, KOTOpble, KAK MOXKHO MpeACTAaBUTh, OOpasytoTcA 0 peak- 
IMAM JMMepH3alMH HM UCMponopiMOHMpoBaHuA cBoOo_HOro ruf~poKcuaa (7), 
OKHCJIMTCJIbHOH KOMMOHEHTHI PaHOJIM3a BOJbI. 

OG1y4yeHMI0 NOLBeprasiMcb paCTBOPbI, MPHTOTOBJeHHbIe H3 PeaKTHBOB Map- 
KU X. U. H BaK [bl WeperHaHHOH BOLI; HUTPaT HATPUA MpeABapHTeIbHO ABAK EI 
nepeKpHcTaJIM30BbIBaIcA. B KayecTBe HCTOUHHKA 3JIyYeHHA yNOTpeOJAIMCb 
pemapaTbl pazwoakTupHoro Co” c 
MOLI[HOCTbIO MO3bI B OOy"aeMoM OObe- 
me 20--750 pay/cex. 

Anasmu3 NpokyKTOB palvomm3a (HUT- 


I evclamsaiey al 


pH 


Q 


ic lind BalLs | os Legleq, DEE Mona aes: Oz u He) npoBoxusica 
‘ a 110 H3BeCTHbIM MeTofam (74), mpyuuem 
HUTPHT-HOH ONpeleAJICA C TOUHOCTHIO 
G = 6.8 ( 
ey ne. a a a te alate mo 2%, mepekucb Bogopoga — 10%; 
ao ’ i ee at Pe Bs TOUHOCTh OMpeseeHua ra3006pa3Hbix 
OH* ’ 9 b ty ’ 9s 

St Bo he ale ole mata cur HpOAYKTOB palwnomu3a cocTaBlsna 

2,70H ’ ’ ’ ’ ’ ’ ’ + 3 % 


OcHOBHbIe pe3YJIbTaTLI HCceqOBa~ 
HHA KWHeETHKH HakonJieHua HeO2u Og 
B PacTBopax cBemeHb B TAO. 1. BTa6a. 1 mpegcrapmeHbl pe3yJIbTaTHI OMMBbITOB, 
B KOTOPbIX IIPOBORMJOCh OOJYYeHHE OLHOMOJAPHBIX ULEJIOUHIX PAaCTBOPOB HHT- 
pata natpua (1 M NaOH), upwuem ananus ras006pa3Hbix MpokyKTOB Mmpo- 
BOJWJICA Kak B IeJIOWHBIX, TAK WM B MOAKHCJICHHbIX pacTBOpax, a aHasIH3 Ha Mepe- 
KMCb BOJOpojla — TOJbKO Tloclle Toro, Kak pacTBOp JoBoyMIcA Jo pH ~ 5. 

Tlonkucjiene pacTBopoB Jo Tpe6yempix sHayeHut pH mpoBog_usioch umu He- 
MOCP€ACTBEHHO B MOMEHT IIpeKpallleHud OOYYeHUA, HIM Yepe3 HeKOTOPOe BpeMA 
mocie ipekpamjenud oOyueHuA. Bpema oT6opa npoO Aaa aHasiu3a Ha HUTpUT- 
HOH M MepekKHCb BOROposa Moce NOAKHCeHHUA TakxKe BapbupoBasocb. Baio 
oOHapyxKeHO, YTO IPH OOAYYeHMM cHAbHO memouHBIX (1 MM NaOH) pacrsopos 
HUTpaTa HaTpHA NepeKUcb BOROposa, aHamM3supyeMaA HelocpesACTBeHHO Mocwe 
NpeKpailjeHinA OOJYGeHHA M TOAKUCAeHuA pacTBopa Zo pH oxouo 5, BblemmeTca 
C BbIXOOM ~ 2,2; B TO Ke BPeMA B CaMHX WeMOUHbIX pacTBopax HzO: ue 06- 
HapyKuBaeTca. CyMMa BbIXOJOB MpeBpallleHHA BOCCTAHOBUTEIbHOM (paquKaJnl 
H) KOMMOHeHTE! pakvoM3a Ja menounoro pacrsopa (1 M NaOH) pasua 
9,2 9kB/100 9B, a OKuCAMTeNbHOL, KaK BHJHO 3 Tabm. 1, 3HauuTeIbHO Hue. 
C ypeuueHvem Cofep»kaHuA HUTpaT-noHa B pacTBope B 2—5 pas IIpH Tex Ke 
YCAOBUAX OOYYCHUA HW anamu3a GalaHc mo Goy u Gy pacxoquTca npu6nusH- 
4A0 


“ OH Ha okuCHeHNe HUTpHTa. 
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tembHo Ha 50%. B nog_KucieHHbIx Mocse O61yueHua pacTBopax (10 3HaueHuit 
pH 11,4+-2) nutput-von, kak oKasasocb, MpucyTcTByeT B MeHbIel KOHUWeHTpa- 
MMH, 4eM B pacTBopax Jo NozKNceHNA. B stom caryuae np pH ~ 2—3 na6bu0- 
WaeTcA CXOAMMOCTb Oalanca No NpokykTam mpespamenua H- u OH-paguKkasos, 
€CJIM Mpe{NOIO*KUTb, 4TO YObLIb HATPHTA B paCTBOPaX STO KHCJIOTHOCTH CBA- 
3aHa C B3AMMOJeHCTBMeM ero C MpoOAyKTaMM MpeBpallleHuA OKUCJIMTeIbHOH KOM- 
NOHeHTHI. B sTUX Ke YCNOBHAX NOAKUCMeHuA Gy,o,, KAK Go,, COXpaHaeTca mpu- 
M€PHO MOCTOAHHBIM He3aBucumo oT pH anasusupyemoro pacTBopa. BosmoxkKHO, 
CPpaBHHTeJIbHO BbICOKOe cofepwaHHe H2Oe2 B pactBope (Gy,o, = 2,2), oOHapy- 
*KEHHOe TPH HeMocpescTBeHHOM (ObICTpoM) NoOAKNCeHuM pacTBopa yo pH 
‘OKosIO 5 (pu aHamuse Ha H2O2), c OHO CTOPOHEL, H, C Apyroli CTOpoHEI, yObIuIb 
HMTPHT-MOHa B pacTBOpe Mp MOLKUCIeHuH WO 3HayeHui pH 2 — 1,14 umerwrT 
OAHY HM TY *e NpwuuHy. OTciosa MoxHO OblIO ObI NpHiiTH K BbIBOLY, UTO pH 
OOJIYYCHHH CHJIbHO IWeIOUHBIX pacTBopoB OH payukaubl, mperepnepaad HeKOTO- 
pble MpeBpalleHHA B MpHCyTCTBHH MOHOB HUTPaTa, CMOCOOHBI CYyeCTBOBaTb 
HeKOTOpoOe BPeMA H B OMNPeeJICHHBIX YCJIOBUAX OKA3bIBaIOT BJIMAHME Ha BHIXO], 
KOHCUHBIX| IPOLYKTOB. | 

B muTepaType HMeloTCA yKa3aHHA Ha BO3MOXKHOCTb yuaCTHA B PalHOMUTH- 
YeCKMX PeaKUMAX COeELMHEHHH MePeKHCHOFO THA, BOSHHKAIOUIMX Ip B3aHMO- 
ACHCTBMM MePBUYHbIX PalMKAbHbIX MPOLYKTOB u3 BOLbI C AHHOHAMM KUCOpO- 
coflepKaiux' KuCIOT (THA NOs, SOr7 Cr2O? , MnO,~). Tak, Hanpumep, 
YBeHYeHHe «BLIXOJa PasJIOKeHHA BOLbIy B KUcTON cpeze (0,8 N H2SQ0,), mo 
cpaBHeHmio c Helitpanbuol (°), mpumucyiBaetca yBony nonamu SO; paguka- 
nop OH us oOpaTupix peakuui okucuienua He u H2eOe. Mmeetca, Kpome Toro, 
coodujeHue 06 oO6pa30BaHHu B a30THOH KUCOTe IpH OGyYeHHH ee ycKOpeH- 
HBIMM SJIEKTPOHAMM HeYCTOMYMBOTO cCOeHHeHHA, KOTOPOe pa3uaraocb 
‘€¢ XapaKTepHbIM JIA MePpeKHCHbIX COeIMHeCHHH WepHoyom nowdypacnaga (°). 
I]pennomaraetca, uro coeqMHeHHA MepeKHCHOTO TuMa, yYCTOHYMBbIe B TeyeHHe 
IMTeEbHOTO BPeMeHH, OOPa3yIOTCA TakxKe MpH pasuomH3e pacTBopoB Ouxpo- 
MaTa Kanua (*). Bo3MoxKHO, UTO HM B Culy¥ae U3yuaBlelcA HAMH CHCTEMBI B 
OMMCaHHBIX YCJIOBHAX TakxKe OOpa3yIOTCA BBICWIMe KHCJIOPOHble COeMHEHUA. 

B o6y4eHHEIX 3AMOPOXKCHHBIX PaCcTBOPax OMMCaHHOTO COCTaBa MEéTOJIOM 
9. Il. Pp. HENMOCpeCTBeEHHO Yaslocb OOHAPYXKUTb PaNKaJbl, OOpasoBaHHe KOTO- 
PbIX CBA3AHO C B3aMMomelictBHem OH c nuonamu uuTpata (°). Bpwio ycTaHosuie- 
HO, 4TO HUTPAaT-HOH cTaOumu3yeT paguKas OH (ocobeHHo B MpucyTCTBHH uoHa 
‘OH-). Taxoit paguxanOH ‘NO? moxer cyulecTBoBaTs Zo Temnepatyppi —100°. 
{Ipeqnonaraocb, 4TO B STOH OGMacTH TemnepaTyp payquKkan OH -NOs~ yumepu- 
3yetca. B o6s1y4eHHOM 4uCTOM Jby OObMHbI paqukan OH Opnictpo ucuesaer 
yxKe, pu Temmepatype okoso — 160°. KayecTBeHHbie OMbITh! MO MarHiTHOMY 
“CTaTHYeCKOMY B3BEINBaHWIO NOKa3a/IH, YTO OOJIYYeEHHBIe PaCTBOPbI pH Temme- 
patype Bbme — 100° o6maqaioT MapaMarHeTH3MOM, IIpH4eM B Pa3JIM4HbIX HH- 
TepBaslax TeMMepaTyp MarHHTHaA BOCIPHHMUHBOCTA OOpasya pasiMuHa. Kak 
HB ciélyuae WKUAKOM ashi, B 3AMOpOMKeHHbIX PaCTBOPax OOHAPyKeHva HecxosU- 
MOCTb OaslaHca 3a C¥eT OKMCJIMTeEbHOH KOMMOHEHTHI paqHOJIM3a B UleOU HbIX 
(1 M NaOH) pacrsopax nutpata uatpua (1 + 5 M) or 20 no 60%; npa nox- 
KUCJICHMU pacTBopoB to pH~2—3 TakxKe HaOOAaeTCA HCUeSHOBeHHe YaCcTH HUT- 
puta. Auajiorua B KHHeTHKe O6pa30BaHHA KOHCYHBIX MPOAYKTOB B HKULKUX HM 3a- 
MOPOXKEHHBIX PaCTBOPax yKAa3bIBaeT, MO-BHAHMOMY, Ha OOMHOCTb lpomexky- 
TOUHBIX CTaui pamvomu3sa. Tem He MeHee C IIOMOIIbIO MeTONa 9. 1. Pp. HaM He 
ylaJlocb 3aAperucTpHpoBaTb PasHKaJIbHbIX MPOLYKTOB MpH Oowlee BbICOKHX TeM- 
nepatypax (oT —90° no 25°). BosmoxkHo, YTO B KUIKUX WeNOUHBIX pacTBOpax 
oOpasyioujveca BHayane panukatEl OH NO; ,umepu3ylorca, a 3aTeM MIpH Ho] 
KHCJIGHHM MOFyT B 3aBHCMMOCTH OT YCJIOBHH WwIK MPpHBOAUTb K OOpas0BaHuto 
HeO2, WIM OKUCIATb HOH HMTpHTA. 

JJ Toro uTOGbI NpHOMH3HTBCA K NOHMMA@HHIO CBOHCTB lpeqnouaraBluxca 
MpOLYKTOB Hamu Obla W3MepeHa MArHUTHAA BOCIPHUMYMBOCTh OO Y4YeHHBIX pac- 
“TBOPOB HUTpaTa HaTPHA pa3sIM4HOM KOHICHTPallNH, a TaKwKe UCCJIelOBaH pA 
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CBOLCTB OGJIYYCHHEIX PACTBOPOB C MOMOILbIO MeTOa AEPHOFO MaTHATHOTO pe3so- 
Hauca (a. M. p.). OmbITbl 10 MarHHTHOMY B3BelUMBaHWI0 PaCTBOPOB KOHICHTPa- fi 
uuu 1 u 5 M nposoguauch metogom [yu mp pasiM4HOK HanpsxKeHHOCTH Mar- fj 
HuTHOrO Hossa (oT 7 AO 11 THC. spcreq) Mpu KOMHAaTHOH Temnepatype. Jia onpe- fj 


JeJICHHA KaKYULETOCA USMeHeCHHA Beca B Ma€rHUTHOM TIOJ1e HCIMOJIbSOBaJIMCb MHKPO- q 


Becbl BM-20 (6e3 cbeppoMarHuTHBIX JeTavieli) c 4yBCTBUTebHOCTHIO 0,01 mr Ha 
jlenenue ikKasbt. Onpenemamach rpaMMoBad MarHuTHad BOCIPpMMMYMBOCTS OO- | 
pasos (X,). SHaveHua xg MA MapaseNbHLIX U3MepeHHH OLHOTO M TOTO xe o6- | 
pa3ila BOCNPOu3BOAMUCh c ToUHOCTHIO = 0,4 —0,5%. \; 

UToObl UCKJIOUNTS BOSMOXHbI NapaMarHeTH3M, CBASAHHBIM ¢ OOpasoBaHH- | 
em O2 B9TOL CHcTemMe Nok JeHCTBHeM M3J1yY4YeHHA, Yepes PacTBOPbl Mepel UX 

BSBeLUMBaHHeM OapGOTHPOBAaJICA a3sorT. 

Ta6auna 2 Bpwio o6HapyxkeHo, 4TO OOsyYeHHe | 

CHJIbHOMeJIOUHbIX PACTBOPOB HUTpaTa 

HaTpHA MpWBOLHT K Kaxkynulemyca | 

yBeJIMYeHHIO Beca OOpasila B MarHUT- 

pH—i4| pH2 | pHt4| pH 2 HOM Towle (Xz YMeHbIaeTca) MO cpaB- 

HeHHIO C HeOOJyYeHHbIMH pacTBopa- | 

—0,602 mu. OcHoBHbie aHHble (cpenune 

—0,696 HeCKOJIbKUX OMBITOB) MO H3MepeHHIO | 

TpaMMOBOH MarHHTHOM BOCIpHuMUH- |} 

BOCTH OGJIYYeHHIX (B TeyeHHe OKOJIO 5 “ac. MpH MOM{HOCTH Wo3EI 750 pay/cex) } 
WM HeEOOJYYCHHbIX PACTBOPOB TIPHBeeHbI B Tabu. 2. 

M3 9THxX JaHHbIX MOMKHO 3aKJIOUNTb, BO-IepBbIX, 4YTO S*PMeKT OOyYeHHA 
(KaKYIeecd YMCHbINeHHe HaMarHeTH3Ma) NPOABAAeTCA B OOJIbiUleH CTeMeHH B | 
Sovlee KOHI[CHTPHPOBaHHEIX pacTBopax: zua 5M NaNOsnpu pH ~ 14Ay,= 
= 0,021 -10-§, naa 1 M NaNOs upn pil t4aAy. 0009-1058 
Bo-BTopbix, IIpH MOAKHCeHHM OOJYYeHHBIX pacTBOpoB fo pH 2 uabsogaetca 
Kaxkyileech yBeJIHueHHe ZHaMarHeTH3ma (yMeHbUIeHHe MapamMarHeTH3sma): WIA 
5M NaNOs, nanpumep, Ayg = 0,013-10°%. Ecau npeqnonoxuTb, 4To mpo- 
JYKTbI IIpeBpalleCHHA OKHCJIMTeIbHOM KOMMOHEHTHI paqvomu3a WapaMarHuTHbl 
M 4TO OHH IPH NOAKUCJIEHHH PpacTBOpa yBOAATCA B peaKIMH C HOHOM HUTpHTa, 
TO MOJIYYeHHbIe MeTOJOM M@rHHTHOTO B3BeLIMBaHHA pe3yJIbTaTbl KaYeCTBEHHO 
corlacyloTcA C JaHHbIMM MeTOa CBeqeHHA OasaHca NO MposyKTaM palMouu3a. 

B cBxA3H C O©paHHYeHHOH TOUHOCTbIO MIPHMCHABLIMXCA MeTOJOB AIA perH- 
CTpalMH CpaBHHTeJIbHO MaJIbIx S:peKTOB OOJYYEHUA MpeAcTaBAAIOCh Wesleco- 
OOpasHbIM MpOBecTH PA ONbITOB NO OOHAPyHKeHMIO NapaMarHWTHHIX wacTHIL 
He3aBMCMMbIM cmoco6om. C sToli WesbiO HaMH ObIJI HCMOb30BaH MeTOL A. M. P., | 
KOTOPBIM, KAK H3BECTHO, MOSBOJIAeT OOHAPY2XKUTbH NapaMarHUTHble YaCTHIbI B pac- 
TBOPE UM ONPeeMTh HX KOHWEHTpaluto (*), OleHKa VyBCTBUTEBHOCTH IIpHMeHAB- 
MeHCA METOAMKU K HaJIMUMIO NapaMarHUTHBIX YaCTHIL MPOUSBOLUMACb C MOMOLLbIO 
pacTBopoB cyb@aTta menv. Mcnonpsopapuiuiica B pa6oTe cneKTpomMeTp Ha- 
Ae@XKHO PeTHCTPUPOBa MPHCyTCTBNe MapaMarHUTHHIX HOHOB Me[H B pacTBope B 
KOHIeCHTpauMH HeCKONbKO MeHbIUe 0,01 M. 

C romouyb1o ycTaHoBKN #1. mM. p. (2°) metogom Hacbimenua (11) mpoBoxuuace 
OleHKa BPeMCHH CIMH-pelleTOUHOH penakcauun (7,) o6yYeHHbIX H HeoOy4eH- 
HbIX PaCTBOPOB HUTpaTa HaTPHA ONMCAHHOTO MHTepBadla KOHUeHTpanuh. Orex- 
Ka 71 IPpOBOMaCb OTHOCHTeIbHO MpOTOHOB Bomb. Kak wu panee, nepel o6s1y4e- 
HHeEM H Tocule OOJYYeHNA WeIOUHbIe PacTBOPHI OCBOOOK Mauch OT KUCMOPosa. 

CpaBHeHue BpeMeH peslaKkcaluM MpOTOHOB YMCTOH BOLI H HeOO/yGeHHIX 
PacTBOPOB HHTpaTa HaTpHA NOKasao, uTO 71 AMA STUX OOPA3OB OMHAKOBbI 
B lipefelaxX TOUHOCTH SKCHepuMeHta, O6syueHue pactBpopos NaNOs BbIsbIBaeT 
H3MCHEHHE BPeMeHH PelaKCalMH NPOTOHOB, UpHuemM HaOwIOMaBUIMecd U3MeHeHHA 
AMIVWIMTYAbI A. M. Pp.-CHTHAJIOB COOTBETCTBOBAJIH YMeHbIUleHHIo 71 B 2—3 pasa. 
Harpepanve o6pas0B Bo Bpema oOmyyenus fo 70—80° coxpannet sipibexT 
oGulyueHua. (KOHeYHO, STH U3MepeHUA CJleyeT CUNTATh KaveCTBeHHBIMH, TO- 
CKOJIbBKY HaJIMYHe WapaMarHUTHbIX YaCTHIL B PaCTBOPe HeCKOJIbKO H3MeCHAeT 
OOpOTHOCTh KaTYLIKH H3MePHTeIbHO CxeMEt.) IIpH noy_KuceHHH pacTBOpOB 
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Xg-l0° o6yueH- Xg10 °HeOOyUeH- 


Horo pacTBopa HOrO pacTrBopa 
O6pasery, P P DE P 


5M NaNO3_ |—0,581|/—0,594/—0, 602 
1M NaNOs 0 ,687|—0 ,692|—0, 696 


mo pH ~ 2 Bpemx penakcalluu Bo3pacTaso AO BeIMUMHbI, cpaBHUMol c 71 
feos HeOOJYYeEHHEIX OOpasyoB (H, CJleqOBaTeMbHO, BoOsbI). Orcioqa BUHO, 4TO 
‘KaK MeTOJ, CTATMYCCKOFO M@rHHTHOFO B3BeLUMBaHHA, TAK M MeTO A. M. Pp, «OT- 
MeuaeT» MapaJieIM3M B H3MeHCHHM CBOHCTB WapaMarHHTHBIX 4YaCTHLL, OOpasytio- 
|MUXcA NpW paluouuse B LaHHOH CuCTeMe. 

B 3akslloueHHe OTMETHM, UTO COBOKYMHOCTbh MpHBeEAeCHHbIX JaHHbIX TpeX Me- 
TOMOB MCCJIeqOBaHHA OOJYYCHHHIX BOMHBIX HIeJIOUHbIX PACTBOPOB HUTpata HarT- 
PUA MOXKeT CYKUTb yKa3aHHeM Ha OOpasoBaHHe B HKUAKOM case mpoMexyTOU- 
/ABIX TapaMarHUTHbIX CPaBHHTebHO YCTOMUHBBIX IpOAyKTOB paluomu3a. Bos- 
HUKHOBeHHE M CYINeCTBOBaHHe 39THX MpPOAYKTOB CBA3AHO, MO-BH]MMOMY, C B3ali- 
‘MOJCHCTBHEM OKUCJIMTeIbHOH KOMMOHEHTHI paNOJIH3a BOALI C HOHAMM HUTpaTa 
H IevlouH. 


@Mu3HKO-XHMMUeCKHH HHCTHTYT Tlocrynusio 
um. JI. A. Kapnosa 8 III 1961 
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Toraange Akanemun nayxr CCCP 
1964. Tom 139, Ne 2 


PHSUTECKAH XHMH A 


MW. Jl. POSEH®EJIbBA nu HW. C. AAHHJIOB 


K MEXAHH3MY BOSHHKHOBEHHS MW PASBHTHSA 
MUTTHHFOBOK KOPPO3HH HA HEP)KABEFOUIMX CTAJIAX 


(IT pedcmaeaexo axademuxom A. H. ®pymxKunoim 27 IIT 1961) 


YTMBUTCIbHaA CNOCOOHOCTh XJIOP-HOHOB JIOKaJIbHO AKTHBHPOBaTb TOBep x- | 
HOCTb CIWIaBOB, HaXOJAMMXCA B WaCCHBHOM COCTOAHHH, WM BbISBIEATh TOUCUHEIE, | 
ruiyOokve paspylleHuA (MHTTHHIH) ABWIACb MpeMeTOM HeOLHOKPaTHBIX HCCVIe- | 
mopanuli (**°). Tem He MeHee, MHOrHe 38aKOHOMePHOCTH pa3BUTHA Mpouecca | 
He yCTaHOBJIEHbI HM HET NOJIHOH ACHOCTH B M€XaHH3Me 3TOFO HHTePeCHOLO ABJICHHA. 


HeoOxo2MMbIM YCJIOBHeM NOABJIEHHA HM paSBHTHA MHTTHHTOBOH KOppo3snu 


eS Ss) 
aS Sx 
y SO 
= Eig 
Ss S38 
8 es 
8 S58 
S aS 
3 
S >§ 
S We 
8 g 
~ 3 
0 = 
0 2 4 6% 8 0 2 4 6 % 8, 


NH, Fe (SOy)9°12H,0 —= NH,Ce —> 


Puc. 1. PaspuTue muTTHHroBoli KopposuH Ha cTaiu 1X18H9T. A— nog Banannem 

maccHBatopa NHaFe(SOa)2:12H20 B pacrsope NHaCl (0,5%). 5 — nog Bana- 

HHeM akTuBaTopa NHaCl! B pactBope NHaFe(SOa)2-12H20 (0,5%). Mpomomxu- 

TeJIbHOCTS 25 yac. / — 4HCIO MHTTHHTOB; 2 — CpeqHAA TruyOHHa NHTTHHTOB, 
3 — MaKCHMaJIbHad TlyOMHa NHTTHHYOB 


ABJIACTCA HalHuve B pacTBOpe HapAy C aKTHBATOPOM M MaccHBaTopa. BepoatT- 
HOCTb Iipowecca (YNCIO MHTTHHTOB) H CKOPOCTb ero pasBUTHA (cpeqHAA TaryOuHa 
IMMTTHHIOB) HaXOLATCA B CO%KHOM ZaBUCHMOCTH OT COOTHOIMCHHA M@XKLY KOH- 
Ie€HTpalwAMU TMaccHBaTopa HM akTHBaTopa. IIpuH NocTOAHHOH KOHWeHTpalHu 
AKTHBATOPa MOBbIMeHHe KOHICHTpalluH NMaCCMBaTOpa CHJIbHO YBeJIMYHBAeT Be- 
POATHOCTh NOABJICHHA TOYeUHOH KOPpO3HH HM JIMINb Mp OObWNX KOHUeHTpa- 
IHAX MacCMBaTOpa YHCJIO MMTTHHTOB HauMHaeT TagaTb. Ecaim yBeuIMuMBaTb 
COJepxKaHue XJIOP-MOHOB (aKTHBAaTOpOB), TO BePpOATHOCTb MOABJeCHNA MHTTHH- 
TOBOH KOPPO3SHH pacTeT JHUIb JO OMpekeNeHHOH KOHICHTpalluH, Wocse vero OHA 
HauMHaeT nagaTb (pac. | A u 5, Kpuspie /). 

O6pamaer Ha CeO BHUMAHHe TO OOCTOATEIbCTBO, UTO BEPOATHOCTH NOABIE- 
HMA MMTTHHTOBOM KOPPO3HH B SIeKTPOJUTAX, COMeP*KalllUX BLICOKHe KOHUEHTPa- 
IMM MaCCHBaTOPOB, HAMHOFO BBILLe, YEM B WICKTPOJIMTAX, COMepKallUX BLICOKHE 
KOHICHTpaluH aKTHBaTOpa. 
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CkopocTb MpOHUKHOBeHHA KOPpO3HH B rvlyOb MeTavivia pacter JO H3BECTHOTO. 


mpefesia Kak MIpH YBeAMYeHHM KOHWEHTPallHu AKTUBaTOpa, TaK uM MaccHBaTopa. 
JlambHeliee yBeMYeHHe KOHI[EHTPaluu OLHOTO M3 KOMMOHEHTOB cMecH IIpHBO- 
AT K YMeHbINeHMIO CpeqHeH TIyOHHbI IpOHMKHOBeHHA Kopposuu (puc. | A 
u 5, kpuppie 2). Kak BuHO, aKTHBaTOp H MaccuBaTOp JelCTBYIOT B OHOM Ha- 
|WpaBJeHHH, NPM MaJIbIX KOHICHTPallMAX OHH YBeJIMYHBAaIOT BePOATHOCTh MO- 
ABJCHUA UM CKOPOCTh NHTTHHTOBOH KOppoO3uu, a pH OoLUIHX — yMeHDIUAaIOT 


Ux. 3ameTuM, 4TO 3TH Pe3YyJIbTaTbI HECKOJIBKO H€OMKUTAHHbI, CCJIM UCXOLUTb H2. 
NJICHOUHOK TCOPHH aKTHBUPytrowlero eHCTBHA XJIOP-HOHOB; TPpyHO NOHATh,. 


os 


es 
S Sx 


Ss Ss 
2 N 
S 20 iS 
S ae 
Ha 6 S 15 
5 Si 
= 10 s/ 
Sha 5 
£ By? @ 
° ‘a “Ve TER r. 
0 G25050 O75 10 125 150 175mm Uy es ee Sa ea 
[nySuna nummuneob [ny buna nummuneog 
Puce. 2, Kpuppie pacnpezenenua NHTTHHTOB Puce. 3.* Kpnpbie pacnpenetenua 
no riy6uHe qua ctamu 1XI8H9T. 1 — 0,5% HWHTTHHTOB NO TviyOuHe 2A cram 
NHaCl-++ 0,5% NHaFe(SOa)2-12H20, 2— 1X18H9T npu pasiuuHOM Bpeme- 
0,5% NHaCl + 2,0% NHaFe(SOs)2- 12H20, HH BO3JeHCTBHA 9deKTpouTa, 
8—0,5 NHaCl+ 8,0% {NHaFe(SOs)2- cofepxKamero 2% maccHBatopa u 
12H2O 3% axtupatopa. I—1 ac, 2— 


5 uac., 3—I15 uac. 


mlouemy nocsie HeEKOTOpOrO MpeseJIbHOTO 3HAYEHHA YBeJIHYeHHe KOHIUCHTPalHH 
‘aKTHBaTOpa YMEHbIUaeT BePOATHOCTh NOABJIEHHA NHTTHHTOBOH KOppo3sHH KH 
CKOPOCTbh e€€ pa3BHTHSA. 

TOUHO Tak Ke, e€CIM POb NaccHBaTOpa CBOAMTb K BOCCTAHOBJIEHHIO paspy- 
UICHHEIX XJIOP-HOHAMH Y4aCTKOB MaCCHBHOH IJIe€HKH, HeJIb3A OObACHHTb, NOUeMYy 
YBeJIMYCHHE KOHILCHTPAalUU OKMCJINTeIA MPHBOANT K YBeJIMYCHHIO BEPpOATHOCTH 
NOABJIGCHHA NMMTTHHTOBOM Koppo3nn. Kasasiocb, YTO Ip HaJIMUHN B SJIeKTPOJHTE 
HeKOTOPOrO MHHUMAJIbHOTO KOJIHUECTBA OKHCJHMTeIA, HEOOXOLMMOTO JIA MpoTe- 
KaHUA CMEXKHOFO KaTOAHOFO Mpoiecca (STY POwJb MOF ObI BLINOCJIHATb HM PacTBO- 
PeHHbIM KUCNOpPON), NHTTHHTOBaA KOPPO3HA JOJXKHA HMETb MECTO, a €€ BepOsRT- 
HOCTb JOJDKHA HeIpepbIBHO TlafaTb C YBeJIMYeHHEM KOHICHTPallMu OKHCJUTEIS. 
UtTo »%Ke KaCaeTCA CKOPOCTH MPOHHKHOBCHHA KOPPO3HH B rulyOb MeTaya, TO OHA 
JOJMKHA C YBEJIMYCHVEM KOHICHTPalHW OKHCJIMTeJA HEIPePbIBHO PaCTH B CBA3H 
c ycKopeHveM KaTOAHOro mpolecca. 

KomuuecTBeHHbI aHasiv3 JAHHBIX O CKOPOCTH Pa3BUTHA Mpolecca B OTAeJb- 
HbIX TOUKAX C MPHBJeYeHHeM MpecTaBeHHH OO aqcopOMMOHHOH Npupoye npo- 
wecca akTHBApoBahuA HM MaccuBupoBaHus (?,*,°) MosBOIMeT OObACHHTb ycTa- 
HOBJICHHbI€ BILE 3AKOHOMepHOCTH HM -yCTPpaHUTb HMMEIOLMeCH NpOTHBOpeUHA. 
| IIpu usyueHHu NHTTHHTOBOM KOppO3HH BeCbMa MOJIe3HbIM OKAa3aJiCA MeTOL 
MOCTPOeHHA KPUBIX pacmpefetenua. Ec pacmpefesuTb BCe BOSHUKINMe Ha 
NOBePXHOCTH MMTTHHTM NO pasMepaM, TO MOJlyaaeTCA THNMYHAA KPpHBax pac- 
TIpesesIeHHA, YKa3bIBaIolad Ha TO, YTO MPOLeCcc B OTAeJIbHbIX TOUKAX PasBUBAaeT- 
CA UCKJIOYUHTEIbHO HeEpaBHOMePHO (CKOPOCTH OT/MYAaIOTCA MpuMepHoO B 40 pas). 
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Ha nopepXxHOcTH BO3HUKaeT OONbINOe YNCIO CpeAHHX NHTTHHTOB U He60.1bI0e i 


YHCJIO Me@JIKUX MH TrtyOoKux (puc. 2). | 
C ypeMueHveM KOHUe€HTpalHW OKUCJINTeIA KPHBbIe paciipeleeHus CMe- 
ULalOTCH BJICBO 3a HCKJIOUCHHeM NpaBbiX BETBEM KPHBbIX, CIBHTalOwlHXCA BIPaBo. F 
OTcola MOXKHO 3aKJIOUHTb, UTO MPH YBeJMYCHHH KOHILEHTPalMu OKHCJHTEIA f 
3aMeWJIAeTCH Mpouecc B OOJIbINMHCTBe TOUeK HW Ha MOBEPXHOCTH OCTAeTCA JHMLIb | 
HeOO/IbINOe UHCO AKTHBHLIX WeEHTpoB (~ 2—3%), B KOTOPbIX Mpollecc pasBu- 

BaeTCH HHTCHCHBHO. B 3THX AKTHBHBIX | 
46 WeHTpax HaOwofaeTcA yxKe HeMpepbIB- | 
Hoe yBeIMYeHHe PIyOUHbI KOppo3Hn c | 


43 pocTOM KOHUeHTpaluA akTHBaTopa 1 | 
400 maccuBatopa (puc. 1 Au JS, Kpuspie 3). | 
Vintepecho mpociiequTb 3a xapak- | 
4, 500 TepOM Ppa3BHTHA IIpolecca BO BpeMe HH. } 
Kpuppie pacnpeqeieHHaA mMOKasbiBalot, | 

60 YTO H BO BpeMeHH He BCe NMTTHHH pas- 


BUBaIOTCA PaBHOMepHo (puc. 3).-B Ooub- 
IUMHCTBe TOYeK IIpollecc CO BpeMeHeM 
3aMeLJIACTCA, UACTb M@JIKHX I[HTTHHTOB 


0 2 4 6 8% , BOBCe He pacTeT H JIHIIb B HeOOJIbINOM 
NH, Fe(S0,),°12H,0 wow NHL YUCJI€ AKTHBHBIX IWe€HTPpOB KOppO3HA He- 
ies IIP€PpbIBHO MIPOHHKaeT B TviyOb MeTaJJIa. 
iC. 4. OaBHCHMOCTL SJIEKTPOAHOrTO TOTeH- = 
wHana craiu 1 X18H9T or KonyeHTpanHH mac- TIponecc OUNCE PO 
cuBaTOpa HAH aKTUBaTopa. 7—0,5 NHaCl+ WAX CTaJieH XJIOP-HOHAMHM CHJIBHO 3aBH- 
+ 0,25+8,0% NHaFe(SOa)2-12 H2O0, 2— CHTOT NOTeHWHaa SIEKTPONa U, CJIeRO- | 
0,5% NHaFe(SOa)2 - 12H20 + 0,25--0,8% BaTenbHO, Mbl HMe€eM JesIO C MOBepXHO- 
NHC! CTHBbIM ABJIEHHeM. AKTHBHpOBaHHe M10 Ha- 


uM JaHHpm (°,°), a TakxKe JaHHbIM 
Yaura (?) HacTynaeT JIMINb pH NOTeHIMamax Goslee MONOKUTeIbHBIX ++ 0,15— 
0,20 B. Ecuim ucxoquTb u3 MJIeHOUHON TeopHH, paspylieHHe OKHCHBIX CJIOeB MO- 
2KeT HACTYNUTb TIpH JIOOOM MOTeHIIMase. 

TloTreniuadl Hep KaBerouleli CTaJIH B XJIOPHCTOM AMMOHHH, KaK 9TO BHLHO H3 
puc. 4, Coulee OTPHMATeIeH, YEM KPHTH4ECKOH NOTeHILMadl, H MOSTOMY BEPOATHOCTB 
MOABJIGHHA MHTTHHPOBOH KOppoO3HH paBHa HyJio. C BBeeHHeM B 3SJICEKTPOJINT 
maccHBaTOopa H YBeJIHYeHHeM ero KOHICHTpallHH NOTeHWMa BCe Ooylee cMe- 
ILaeTCH B MOJOKUTeMbHYIO CTOPOHY, 4TO OGseruaeT, C OMHOHM CTOPOHBI, alcop6- 
MWHIO OTPHIaTeJIbHO 3apAXKeCHHbIX HOHOB XJIOpa H, C Apyrol CTOPOHHI, MemaeT UX 
Gove aKTHBHbIMH. Bce 9TO yBeJIMYHBaeT H BEPOATHOCTb NOABJICHHA MHTTHHTO- 
BOH Koppo3suu. Haunnas c onpeseseHHOH KOHUCHTPallWH OKHCIMTeIA NOTeEHLMAI 
‘CTAJIM MePeCTaeT CMELLATbCH B NOJIOXKUTEJIBHYIO CTOPOHY, YTO He JOJIKHO YBeJIH- 
4YHBAaTb alcopOlHio xXJIop-HOHOB. C STOrTO MOMeHTa HepecTaeT pacTH H BeposAT- 
HOCTb MOABJIEHHA TOUeYHOH KOppo3uH. Bowiee Toro, yBeJIMYeHHe COOTHOLIeHHA 
KOHUeCHTpalluh NaccuBaTopa K aKTHBAaTOPYy, KaK NOKa3au Hall aycopOlHou- 
HbI€ H3Me€peCHHA C MOMOUIbIO MeYeHBIX aToMoB (C1?°), mpenatcTByeT alcopOuHH 
XJIOP-HOHOB (7°), UTO TOJDKHO YMeHbINaTb H BEPOATHOCTh NOABJIEHHA MHTTHHTO- 
BOH KOppo3un. 

Uro xe KacaeTca CKOpocTu mpouecca, To 10 Mepe yBeJIMUCHHA KOHILCHTpa- 
IHH OKHCJIMTeJIA YBeJIMYHBaeTCA CKOPOCTb KaTOJHOH peaKWHH, B CBA3H C 4eM 
OJXKHA PacTH MW CKOPOCTb COMPAKEHHOH AHOHON peaKUMH, NPHBOLAWeH K Ipo- 
HHKHOBeCHHIO KOPpO3HH B vty6b MeTaJia. 

Ojuako HauvHad c onpeqeneHHoli KOHICHTPallHH OKHCJIHMTeJIA IJIOTHOCTb 
TOKa B OOJIbINMHCTBe MHTTHHTOB JOcTHraeT TaKOH BeJIMUMHbI, KOTOpaA y2Ke 
AOCTATOUHA JIA 3AMeCTHOTO TOPMOXKeEHHA AHOMHOH peaKUHH, a B HEKOTOPbIX H3 
HHX MH QVIA HaCTYIWICHHA aAHOJHOH MaccHBHocTH. B cBA3H C NOCJIeENHHM HW 3aMme- 
JIACTCA TIpolecc B OOJIbIUMHCTBe ToO¥eK. JIMINb B HEMHOPMX AaKTHBHBIX WeHTpax, 
THC IJIOTHOCTh TOKA OKa3bIBaeTCA HELOCTATOUHOH JIA TOPMOXKeHHA aAHONHO 
peakUHH, Tpolecc npokowmKaeT pasBuBatTben. TlockombKy mpouecc B OOJIbIIMH- 
‘CTBe TOYEK TOPMO3HTCH, TO, IPH OTHOCHTEbHO BbICOKOH CKOPOCTH KaTOAHOH 
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€AKIMH, COSLAaIOTCA OMAFOMPHATHLIe YCOBUA AIA pasBHTHA Mporecca c Sosb- 
HOH CKOPOCTbIO B AKTHBHBIX IeHTpax. 

IIpH yBeIM4eHHH KOHICHTPallHW aKTMBaTOPa NOTeHIHa/ CTaIM CMelLaeTcA 
sce OoNlee B OTPHIlaTeIbHYy!IO cTopoHy (puc. 4), 4YTO 3aTpyHAeT alcopOun10 
(JIOP-HOHOB HM YMECHbINaeT BEPOATHOCTh NOABJCHHA MUTTHHTOBOH KOppo3sHn. 
YMEHbINeHHe CKOPOCTH Mpolecca MpH OOJbWIMX KOHIeHTpalluAx XJIOP-HOHOB 
}OYCJIOBJICHO, KAaK IMOKA3bIBaIOT HaOJIOeHHA, OOPas0BaHHeM OCOObIX (asoBbIx 
“JIOEB. 

[luTTHHrOBy!O KOPpO3HI0 CJlelyeT, 10 HallleMy MHEHHIO, PaCCMaTPUBaTb KaK 
cOObI BH WeeBOH KOPppO3HH H HHTepMpeTHPOBaTb ee HCXOAA H3 MpelcTaB- 
I€HHH, Pa3BUTbLIX OJHHM M3 aBTOpOB B pacoTax (1%). 


HMuctutyT dusnyuecko xHMHH Tlocrynusio 
AxkajlemuH Hayk CCCP PH SNe SSL) 
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Jloxaagn AkayemMun HayKk CCCP 
1961. Ton 139, Ne 2 


PH3SHYECKAAH XHMH f\ 


A. H. WAXJIOBCKAA uv uaen-Koppecnongzent AH CCCP A. K. CbIPKHH 


JAUNOJIbBHbIE MOMEHTbI HEKOTCPbIX HJINJOB 
WM AH®EHWJILNK JIONPONEHOHA 
KBaHTOBO-MeXaHHY¥eCKOe paCCMOTPeHHe B IPHMHTHBHOM MeTOse MOJeKy.IAp- 


HbIX OPOMT MOKasbIBaeT, UTO B WHKe C;H; ecTb OMHO BAaKAHTHOe MECTO JIA O]- 
HOPO WICKTPOHA Ha CBASHIBAaIOINeH OpOuTe, a y WHKIOB C3H3 u C,H, ofMH 91eKT- 


POH HaXOMNTCA Ha pa3spHIxislouleH op6uTe. HekoTopbim NoATBepxKeHHeM . 9TO-} 


ro ABsAeTca TO, uTO B C;H; BepxHuii 3aHATHI ypOBeHb JexKUT Ha 2,09 9B rny6- 
%e, vem B C,H,, NOCKOJIbKY NOTeHUMAIbI HOHM3AIlMH COOTBETCTBEHHO PaBHbI 


8,69 u 6,6 98 ('). B cBa3H c 3THM MOJeKYJIbI, CoepxKallMe WAKIOMNpONeHHJIb- | 
Hbl€ VW WAKJIONeCHTAMeHUJIbHbIe WHKJIbI, MOrYT B HEKOTOPBIX cuysaAx OOycuOB- jl 


JMBaTb 3HAYHTEIbHYIO NOJAPHOCTb. STO MOET OLITh NPOBepeHO H3MepeHHeM 


J[MNOJbHbIX MOMeHTOB. Buaarofapsx so6esHocTH JT. H. Kypcanosa, B sadopato- | 
pHH KOTOPOrO HccJeLyIOTCA COCMMHEHHA ITOFO THMA, Mbl HMCJIM BOSMOXKHOCTH | 
NOJYYHTh TPH BewlecTBa: MMpHAMHMNMKIONeHTanveHuaug (1), N-6exsuut- | 


NUPpWAMHUM-y-WukKJoNeHtTaquenusny (II) wu Qucdennsauuksonponenon (III). 


J\unoJIbHbIe MOMCHTEI STHX BeELLECTB ObIIHM H3MepeHbI MpH 25 u 20° rerepo- | 
JHHHBIM MeTOJIOM B OeHsoue. Kpome Toro, NHPHAHHMMIMKJONeHTaqHeHHJNy | 


Obl] H3MepeH TakxKe B WHOKcanHe. IlepBble 1Ba BeLeCTBA OY€Hb MJIOXO pacTBOpH- 
MbI B HENOJIAPHbIX PacCTBOpHTeIAX. B MOJIAPHBIX OJIAX HX PaCTBOPHMOCTbh — 
BeMunHAa NopsyKa 10-*—10~°. [lostomy TouHocTb onpexesieHUA JHMOJIbHOTO MO- 


MeHTa HeBewuKa. He ucKsoyeHa ommmOKa B 1,5 D. II]noxaa pacTBopumoctp | 


B O€H30JI€ YKa3bIBaeT Ha OOJIBLIYIO NOJIAPHOCTb STHX COeqMHeEHHH. BBuyy ma- 


JOH PaCTBOpHMOCTH He ObIWIO HaOOHOCTH B 9KCTPaNOJAWHH NOAAPH3alHH | 


kK O6eCKOHeEUHOMY pa3OaBJIeHHIO. 
Ta6auna 1 


f € Poour Pax Pop u-1018 
, 8,1-10-5 | 2.2776 | 3655 43 3612 | 13,2 
C Six. ] 7,6-40-5 | 2.2773, | 3964 43 3921 | 13,7 

B OeH30NIe mpu 20° 
ee 2,79-10-- | 2,999 | 4953 43 A010, aleuedyes 
ee 2'32.40-4 | 2'297 | 6267 43 6224 | 17,4 
A 1,96-10-4 | 2,280 6663 43 6620 17.3 
Aa tae 1,45-10-4 | 2.2795 | 1764 43 1689 9,0 
cH CH, iS] 1/41-10-4 | 2'2786 | 2274 43 2196 | 10/3 


B Tau. | noceqoBaTeIbHO MIpHBeeHb! (POPMYVIbI, MOJIAPHBIE LOM pacTBo- 
PCHHOFO BeLLECTBA, AHIJIEKTPHYeCKaA MPOHHILAeMOCTh pacTBOpa, MOHaA MOIA- 
PH3aUHA, BICEKTPOHHAAH NOJMAPH3alHNA, BLIYHCIeHHad NO pedbpakiuMAm CBsA3eH, 
OPHeHTAUWHOHHAA TOJIAPH3aluA MU JLMMOJIbHbIM MOMEeHT. 

B kauecTBe cpeqHHX 3Ha¥eHHi MOxKHO MIpHHATbh BelHUnHBI 13,5 + 0,3; 
169+ 1,5 u 9,6+0,7 D. Uro xacaeren nucdeHusHKoNponeHoua, To ero 
PaCTBOPUMOCTb B OeH3OJI€ HECKOJIbKO OOJIbIe H B 3STOM Cy4ae OnpesemeHue 
AHNOIbBHOrO MOMCHTA IIPOH3BOAMIOCb KaK OOBINHO C MOCMeLYIOULHM pacueTOM 
no Tegectrpanzy. B tTa6a1. 2 npupexexsi MOJIAPHbIe MOH, AHIIEKTpHuecKaA 
MPOHHIA€MOCTb, MJIOTHOCTH pacTBopoB H 3HayeHHA a H PB no TenecTpanyy. 
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H3 fauHbix Ta60. 2 Ana o6mel nowapusannu nomyuaetca 3HaueHne 596,4. 
TIpu P., = 62 cm* sTo jaeT AA OpHeHTayMoHHol nonspusaunn 534,4 cm? 
MW JJIX JUNOMbHOTO MOMeHTa 5,08 D. 


DAG cpHia ~ 
f € ad a B p.- 1018 
" HN OloacalOme | ashe 0,8763 16,73 
€ 4,129-4107° 2,314 0,8764 LOMO ets 120 R08 
og 1,932-10-3 | 2,344 0),8771 {ORG de 
H;C¢ C,H; 


Kak BYHO, AHNOJIbHBIM MOMeHT NHPHINHUMMMKONeHTAaveHHHLa LocTato- 
HO BeJIMK HM MO BeJIMYMHe CPaBHHM C MOMe€HTaMH ra3s006pasHbIxX raslOreHHOB 
MLCOUHBIX MeTaJJIOB. OH OM30K K MPOuSBELeHHIO IJCMeHTAPHOTO 3apaa Ha 
paccTosHHe Mey as0TOM HW WEHTPOM NATHYJICHHOTO KOJIbIa. SOTO yKa3sbiBaeT 
Ha TO, YTO NMATHYWICHHIM WK ABJIACTCH HOCHTEJIEM JeJOKaIM30BaHHOrO OTPH- 
WaTeJIbHOFO 3apsALa, W Ha PeaJIbHOCTb CpOACTBa WHKJONeHTALHeHMIa K IJIEKTPO- 


(IV) (Vv) 


Hy. Mosekysia B eOM MOXKET paccCMaTPHBATLCA KAaK JUNOMAPHEIM UOH. Bowb- 
WOH JHMOb yKa3bIBaeT TaK2%Ke M Ha TO, YTO COCTOAHNe C OOPAaTHBIM HanpaBuie- 
HH€M MOMeHTA€, C OOBIMHbIMM CBA3AMM B IATHYICHHOM KOJible (6e3 3apaga) IV 
S3aMeTHOH poulM He urpaeT. YBeMYeHHe MOMeHTAa STOFO COeCAHHEHHA B AHOKCa- 
He, BOSMOXKHO, BbISBAaHO MEXKMOVJICKYJIAPHBIM B3AHMOJeHCTBHEM 3a CYeT MOJIO- 
X*KUTENbHOTO 3apsya Ha a30Te M OTPHWATebHOrO KOHWA MNONA Ha IPHPHOM 
KucuIOpose AHOKcaHa. 

Jivnosbybii Moment N-6eH3HJINUpHANHMH-{-WMKJONeHTaMeHHJla HeECKOJIbKO 
MeHbINe NHMPHAMHMAMNKIONeHTAHeHHINLa, HECMOTPA Ha Oovlbuee pasyemenne 
3apAOB. STO, MO-BHAMMOMY, CBH3aHO C TeM, 4YTO B 9TOM COCMMHEHHH MOXKHO 
TIpeAcTaBUTb ceOe pacmpeseseHHe SJIeKTPpOHOB 6e3 OObINHX H3ObITOUHDIX 
3apaoB, KaK B MoOvleKyslax Cc Mao MIM cpelHel nomapHoctTbio §(V). 
Bo3MoxHO, 4YTO HEKOTOPYIO pOJlb UrpaeT CONpAxKeHHe CeHHJIbHOTO KOVIbILa 
c CH.-rpynnoti co cmemeHHeM 3JIeEKTPOHA B OPTO-H Mapa-NOJIO*KeHHA U C MOABUJIC- 
HH€M MOMeHTa OOpaTHoro HanpaBseHua. Ho u mpm yyeTe SsTUX OOCTOATeJbCTB 
ONbITHaA BeHYNHA MOMeHTa OKOO 10 D yKa3piBaeT Ha TO, 4TO B STOH MOJIEKy1e 
3aMeTHY1O POJlb MrpaeT CPOACTBO MATHYJICHHOFO WHKJa K 3JIEKTPOHy. 
| Junoub Hubli MoMeHT AneHuIMNKIONpomeHona (5,08 D) Combuie, uem y O6pIy- 
HbIX KeTOHOB (2,8 D) u HemuHoro Oosbiue, vem y Tpormona (4,3 D). Ho stort mo- 
M€HT ropa3fO MeHbIe, 4eM y HepBbIX ABYX MOJIeKyJ. Crepwueckne ycCJ1OBHA 
NOHHKAlOT yCTOMYNBOCTh WHKIAa C3H3. Ecsu yyecTb BO3MOMKHOCTb TaKOro pac- 
NIpeslesieHHA 3apAOB, MPH KOTOPOM MHHYC HaXOMNTCH Ha KuCIOpOse, a MONO- 
KUTCH 3apsA, B OPTO- HM Mapa-MOJIOKeHUAX CPeHHJIbHbIX KOVJIeEll, TO STO 
TaKKe JOJXKHO MPHBECTH K 3HAYHTeJIbHOMY YBeJIMYCHHIO JMMOJIbHOTO MOMeHTAa 
cpepx 2,8 D. Takum 06pa30M MOXHO 3aKJIIOUHTb, YTO B STOM CJIyaae MOJOKH- 
TeJIbHO 3aPAXKeHHbIi TpexuJIeHHbIM UHKJI MpeqCTaBeH JIHUIb B HeOOJIbINOM 
cTeneHH. 

Mp mpHHocum OnarogapHocts JI.H.Kypcanopy, M.E. Boupnuny,3. H. Iap- 
Hee u H. K. Bapanemkol 3a mpefocrapyienve BellleCTB [Id H3MepeHHuH. 


MockoscKu HHCTHTYT TOHKOH XHMHUYeECKOH TeXHOJIOrHH Ilocrynnso 
um. M. B. Jlomonocospa 10 IV 1961 
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Jloxnzagn AkaywleMun HaykK Gc cP 
1961. Tom 139, Ne 2 


PH3HYECKAA XHMHA 


Unen-koppecnonyzent AH CCCP K. H. WEJIKHH 


O JOKA3ATEJIBCTBE HEOCYLJECTBUMOCTH CHJIBHbIX 
WE®JAPPALMA HW CJIABbIX JETOHAWMH 


1. OOmee pacnpoctpaHeHHe MO/IyYHMO MOKasaTeLCTBO HEBO3MOMKHOCTH || 
CHIbHBIX Jediarpauuli, dpusHyecKHM CMbICJ KOTOporo BuyeH u3 pc. |, rye 
v306paxena amua6ata Tioronbo H, MocTpoeHHad Mo ypaBHeHHio 


xa teens, a 
H mpamMax Muxenpcona /—2—é, yAOBsIeTBOp AIOWLaA COOTHOILEH HO 
x = (1 + tg 0) — tg 0-s. (2) 
Tanrenc yrvia HakJIOoHa 


tedpaaee (3) 


OMpejleIfeT CKOPOCTbh paciipoctTpanHe- 
HHA JledlarpawHH, 3aBHCALlylIo OT 
(pPH3HKO-XHMHYeCKHX HU adpOTHHa- 
MHYeCKHX XapaKTepHCTHK ra30Boii 
cmecH. 

B ypaBuenuax (1) —(3) au 
6 — JlaBJleHHe H yjJeIbHbI OObeM 
ra3a, HOPMHMpoBaHHble Tak, U4TO B 
HavaJIbHOH TOUKe M1 = lor = 1x = 
=(y-+ 1)/y— 1, y — orHomenue Ten- 
JoemkKoctel, g = 2y Q/ci, rue Q/ci — 
OTHOMeHHe TellIoBoro 93pdekTa cro- 
paHWA Ha e(HHMIy Maccbl K KBaflpaTy CKOpOCTH 3ByKa B Ha¥uaJIbHOM Co- 
CTOAHHH J, 

Ha aquadate Tioronbo gecdbaarpauua Kyre o6o03HayeHa Touxol K. Bumue 
ToukH K Ha KpwBolh H HaxofATCH COCTOAHMA MpOyKTOB TopeHuA CaObIX Me- 
(arpauni, HwKe — cHJIbubIx. J)IA OCYIeCTBIeHHA CHAbHOM pecbnarpanun 
COCTOAHHEe Ta3a WOJKHO ObITh MepeBeLeHO 0 TIpAMOM H3 HayasbHoH TouKH J 
yepe3 2B 3. Ho Bce TouKH Ha OTpe3Ke npaMol Muxenpcona Mexyy 2 u 3 coorT- 
BeTCTBYIOT Ooslee BLICOKHM TeMJOBbIeeHHAM TIpH TopeHuu, 4em Ha KpuBol H. 
O6uacTb Mexay 2 u 3 mpexcTraBineT coOo1o SHepreTHUeCKHA Oapbep, JIA mpe- 
OAOJIEHUA KOTOPOTO B raze HeT 3anaca Tera. B 9TOM H 3aksIO"AeTCA CYTb OOLIe- 
PaciIpoOCcTpaHeHHOrO JOKa3aTeJIbCTBA HEBO3MOXKHOCTH CHJIBHBIX edlarpauui. 

B mogesmm Seapqopsnua — Heiimana neTouauna mpescTaBuaAetca B Bue e- 
cilarpaluu, pacipoctpausoulelica 3a yapHoli BOMHOM C paBHOl eli CKOpOCTbIO 
(B 1a6opaTopHot cucteme KoopzuHat). UcxoxHpim CocTosHMeM JWIsA nedsiarpa- 
UHH CJIYKHT ylapHoO CKaTHIH ra3. CuIbHad JeTOHAMMA, CJleqOBaTe/IbHO, OTO- 
WKMECTBIACTCA CO caOoH ecimarpauMen, a cabana eTOHAaWMA — Cc CHMbHOL 
nepiarpanneh. Heocymecrsumocts ca#a6nix jeTonalluit JOKa3bIBaeTCA TOUHO 
Tak 2Ke, KaK HW HEBO3MOXKHOCTh CHAbHEIX Jedlarpalun. 
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_ 2. [[pupegenuoe spite JokasaTeipcTBo, Boleduee B HanGouee cbyHamex- 
TalbHBIe PykKOBONcTBa (*,”), CHpaBeMBOe BO MHOTUX MpakTHyecKHx cyaaax, 
'B MIpHHUMNe, HEBePHO. OHO OCHOBAaHO Ha HeOueBUAHOM, OCOGeHHO JIA WeToHa- 
IHOHHBIX HPOWCCCOB, MPeANOIOKEHHH O MOJOKUTELHOCTH CKOPOCTH XUMUUe- 
CKOH peakKIIMM BOJb Ipsamon Muxenpcona [—2—3 (B IIpocTpaucTBe — oT He- 
cropepllero rasa K Cropesiiemy). 

Booopasum AUCCOUMAIHIO MPOLYKTOB TOpeHHA, MPOKCXOLALLyIO C HeEKOTOPO! 
sayepxKKOH. Tora mpeqnouoxenve 0 nosoxKUTeIBHOCTH CKOPOCTH peakuHn, 
aC HUM H BCe JOKasaTeJIbCTBO, TepseT cuy. Ilyctb, HanpuMep, B nepBoit cra- 
AMM PeaKUMM BbIMCHTCA TEMIO, COOTBETCTBYIONIee CMeIleHHOM BBepx auaGaTe 
| Troronbo H’, 3aTem, cllycTa HeKoTOpoe BpemaA, UaCTS TeMVOTEI peakuHu 3aTpa> 
' THTCA. Ha JMCCOMMAaMIO H CTalMoHap- 
HbIM cryuan — KpuBaa H — 6ynet 
ONpeeJATbCA HEKOTOPOH YaCTbIO OT 
' M€KCHM@JIbHOrO TellOBOrO 3dcexkTa. 
B 9THX yCJIOBHAX, C TOUKH 3peHHA 
IIPHBEeHHOTO BBILLe NOK a3aTeJIbCTBA, 
CTAHOBHTCA BOSMOXKHBIM l1peooue- 
Hue SHepreTHYecKOorO Oapbepa 2—3 
WH OCYIIeECTBJIEHHe CHJIbHOH Jedmar- 
pauuu u cma6oH geToHauuH. Ho Bp 
Je@HCTBUTeJIbHOCTH HM B STOM CJlyaae 
CHJIbHad Jlediarpalua, KaK HW CJla- 
Oana eTOHAaWMA B MOfeIH SembOBH- 
ya — Helimaua, HeOCcyecTBUMBI. STO 
06x3aHO Ooulee OOMIeEH TepMOANHaMH- 
yecKOH NPHUHHe, YEM HaJIMUHIO 9HEp- 
reTuyeckoro Oapbepa MexKy TOUKaMU 
24u 8. 

3. Ha puc. 2 npuBesena 9HTponuA 
Kak PYHKUMA yelbHOrTO OObeMa N10 
xofy aguadatyr Tioronbio (muna AH) uw Bowb npsamMbix MuxespcoHa, npoxossA- 
IMHX Yepe3 TOUKH 2—3(kpuBaa M.) u K (kpuBaa Mx). Puc. 2 noptopset B M0- 
cxocTu S —o puc. 1, cooTBeTCTBeEHHbI€e TOUKH HMEIOT OMHAKOBOe OOO3HAYeHHe. 
Ho kpome feduarpauuu (yuactok H2K 2,3) na puc. 2 u306paxena u WeTOHA- 
WHOHHAA YacTb KpuBol Tyoroubo (mepee 6 = 1) c OCTpbIM MHHAMYMOM 9HTPpO- 
nuu J. HauabHas Touka 6, = 1uS = 0 narpaduk ne nonasa, OHA HAaXOLHMTCA 
WasieKO BHH3y. 

Kak BHHO v3 puc. 2, 9HTponusA Ha Mpamon /—2—<d B TouKe 3, NpHHayse- 
*Kaulen CHIbHOH Wediarpalun, HM %*K e, vem B TOUKe 2, HaxXOAAUMHCA Ha yua- 
cTke caObix Jediarpaunn. CreqopatesbHo, mepexox oT caObix eduarpanun 
K CHJIbHBIM COMPOBOKMaeTCA 1 OH H KC HU ECM JHTPOMMH, B WAHHOM CuJlyyae 
Ha BemuuHHy AS. Ho, koulb ckopo TenoBon sdideKT peakiHu B TOUKAX 2 HB 
OJMHaKOB HU Mpouecc ueT B TpyGe NOCTOAHHOTO ceyeHUA, TAKOM Nepexoy He- 
BO3MOXKEH: OH IIPOTHBOPeYHT BTOPOMY HavaJy TepMOAHHAaMUKH. CnpaBeHBOCTb 
STOFO YTBEPRMeHUA TIA Tedsarpaluu, pacnpoctTpansriomelica c M060 u3 BO3- 
MOXKHBIX CKOPOCTeH, MOXKHO JOKa3aTb, OOPaTHPIIMCh K NPeMeJIbHBIM CJIyUasAM. 
C mpu61uxKeHHemM TOUKH 3 K MecTy NepeceyeHuA aynadaTbl TioroHbo c OCbIO 
aOcuuce ocTuraeTcaA nepBblii upezesbHbI cayuan. Ha puc. | emy oTBeyaer 
npsamaa Muxenpcona /—2/] — 38/7. B Touxe nepeceyenua 3/] faBjeHnve 
oOpailaeTcs B HyJb, a 9HTPONNSA CHbHOH Aediarpaunu B— oo. ITpoucxog_uT 
9TO, Kora 


O37 = 9 +%, (4) 
rps hs (5) 
Slee dethaata 
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Yuenbubi o6beM B TOUKe NepeceyeHua mpaAMol Muxesbcona c y4acTKOM 
cnaObix Jedsarpalnit CBA3aH C Ye/IbHbIM OOBEMOM B TOUKe NepeceyeHHA TOH 
2Ke MpAMoi C yYaCTKOM CHJbHBIX Jepsarpalui COOTHOWMeHHeM 


a a AN) 
Oy SCSI pa e) 
V3 (6), (5) u (4) Haxogzum 
il 
Cor == Gaia (7) 
OTKyJa onpelleHeM 9HTpONMio Ha yyacTKe cMaObIX Jedarpauui B ToOUKe 2/7. 
4 ¥-+-1 

Sor Y e a+ 1) 

4 Ige = lg Mendon = Ig a ; : (8) 
v a Giceat 


Oua paBHa KOHeYHON BeIMUMHe. CileqOBaTeJIbHO, paSHHIa B SHTPONMAX B Tep- 
BOM IIpefesIbHOM cJlyuae ocTHuraeT OecKOHeyHOCTH. YJleJIbHbIe OObEMBI, Mmpe- 
BbILaloulue g -+ %, PaCCMaTPHBaTb He MMECT CMBIC/Aa, MOCKOJIBKY IIpH HX JaBJe- 
HH€ CTaHOBHTCA OTPHIlaTeJIbHbIM. B [Apyrom mpeeJIbHOM cJIyuae, KOTa CKO- 
pocTb Jediarpawun pacteT HW IpHOsM*KaeTCA K CKOpocTH Aedlarpanuu Kyre, 
Touka 2 cmeulaeTcs kK ToUKe K puc. 2, Tyla Ke CTATHBAIOTCA TOUKU 2; H 3. Pas- 
HMIla B SHTPOMNHAX YMeHbILaeTcA HB TOUKe K oOOpamiaetca B HYJIb. M3 npeqenb- 
HbIX CJIy¥yaeB OYeBHAHO, YTO SHTPoNUA cadoh AeduarpawMu Bcerga OovJIbUe 
SHTPOMHH CHJIbHOM Tedlarpaluu, pacipocTpaHsAiomlenca C TOM %e CKOPOCTHIO 
(nexaeH Ha oHOH mpamoH Muxenbcona). []pomexyTouHble culyyanv, 3aKJII0- 
YeHHbIE M@KAY MpeeJIbHbIMH, He HMeIOT aHawHTMYeCKOorO pemleHuaA. IlosTomy 
KOJIMYECTBEHHOe 3HAYeHHeE Pa3HHIbl B IHTPOMHAX MPHXOMUTCA ONpeAeATh 
YUCJICHHBIM peleHHem 3afaun. Tpaduku wa puc. | uw 2 mocTpoeubi Avia y = 1,4 
u gq = 20. IlomoOuble xe pe3yJIbTAaTbI DalOT BbIMHCJICHHA UM WIA Jpyrhx 3Ha- 
yeHHH Y H Q. 

HeBo3MOxKHOCTb CHJIbHBIX Jle:biarpaluH WMeeT TOUHO TaKoe Ke (usnyeckoe 
OCHOBaHHe, TO H HEOCYINeCTBHMOCTb YapHbIX BOJIH paspexeHua. Ho HeBos- 
MOXHOCTb YapHbIX BOJIH paspexKeHHA UMeeT AOCOJIIOTHBIN XapaKTep: IHTPO- 
TlHMA yapHoO paclMpeHHoro ra3a BCera HWKe IJHTPOMHH HayaJIbHOrO COCTO- 
Hua J. IIpu gedmarpalun yMeHbUIeHHe SHTPOMHH UMeeT MECTO JIHLIb MO OTHO- 
IueHHio K C1adoH Aedilarpaluu, TBWKYULeHCA C TOH 2%Ke CKOPOCTbIO, 4TO UH CHJIb- 
Has. Ilo oTHOWMeHHIO Ke K HayaJIbHOMY CocToAHHIO J Ha puc. | cCHuIbHbIe Jeduia- 
rpallMH UMeroT Oovlee BLICOKY1IO SHTPOMHIO, 3a HCKJIIOUCHHEM COCTOAHHH, Je%KalllHx 
lipapee TouKH 4, IpelcTaBJiAIoMleH MepeceyeHue auaOaThI Il }oroHbo C H39HTPO- 
nou Ilyaccona mj, Npoxosameh uepes Touky J. [lostomy cusibuble Aedarpalun 
HEBO3MOXKHbI, CCIM Ta3 He MOKET MHHOBATb TOUKY 2, T. e. eCJIH OH CHauaa 
monayqaeT B COCTOAHMe Ha yuacTKe caObIx edlarpaluu, COoOTBeTCTBYrOIILee 
peaJibHoMy (usMyeckomy mpoueccy. I]pH xumMuMyecKHx peaKWMAX cropaHHua 
3TO Bcerga Tak. Ho MOxKHO BOOOpa3HTb (He GepeMcsA CYAUTb O HX BO3MOXKHOCTH), 
SK30TEPpMHYeCKHe PeakUHH THMA KOHeCHCaUHH, OOaqaioulue CHJIbHOH Temme- 
paTypHOM 3aBHCHMOCTbIO: TaKHe, KOTOPbIe He MPOHCXOAAT B YCJIOBHAX TOUKH 2, 
HO MIHOBEHHO IIpOTeKal0T MPH COCTOAHHAX, OMMCbIBAeMBIX TOUKON 3. CocTosHHe 
ra3a Ip 3TOM, MMHYyA TOUKY 2, IpAMO — cKaykKoM — NepexogHT B 3. IIpu ycuio- 
BHH 63 < 64 HHYTO HE MpenATCTBYeT OCYIIECTBJIEHHIO CHJIbHOH edarpaunu 
TaKOrO BYJla: HA 3aKOHbI COXpaHeHHA, HH BTOPoe HauaJIO TepMOAMHAMUKH. ‘ 

IIpu cuibHOk fediarpayun cKOpocTb ra3a epexOLHT OT O3BYKOBOIi 
K CBepX3BYKOBOH — ABJICHHe, Ha NepBbili B3rvIAj,, HeBO3MO%xKHOe. JlehcTBH- 
TeJIbHO, JIA H3IHTPOMMYECKUX IIpoOleccoB mepexo, 3a CKOPOCTb 3ByKa 6e3 OTOO- 
pa Tella WIM MACCbI, COBEPIICEHHA paOOTLI HIM paclIMpeHHA MOTOKa HeBO3MO- 
xeH. Ho jecbiarpalua — mponecc He H39HTpomMyecKHli, MOITOMy Mepexo OT 
AO3BYKOBOH CKOPOCTH K CBEPpX3BYKOBOM CTaHOBHTCA BOSMOKHBIM. 
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4. HeocymecTBumoctTb c1a6bix eTOHalMii MMeeT MECTO JIMIb NOKa cripa- 
‘e0JIMB M€XaHU3M BOCIaMeHeHHA rasa ylapHor BOJHOU. Crporo roBops, B 9TOM 
wyuae eTOHAalHu, Kak TaKoBoli, HeT. CymecTByer Jediarpauua, Waa KOTOpOH 
ICXOJHBIM ABJIACTCA Fas, Co*KaTHI Oeryiel Nepey Heo ylapHol BOJHOM. DuTpO- 
|1HaA Ha ajuadate Tyoronpo IIpH MexaHu3mMe SejbqoBHya — HetimaHa B TouKke 
Kyre uMeeT MaKCHMyM, B TO BpeMA Kak Ha J€TOHAIMOHHOM BeTBH B TOUKe 
Kyre J, Kak 9TO BHHO Ha pyc. 2, OHA HMeeT MHHUMYM. 

B auTepatype o6cyxaeTcH MexaHH3M pacmpocTpaHeHHA JeTOHALHH B KOH- 
J€HCHPOBaHHBIX B3PbIBYATHIX BeLLeCTBAX C MOMOLLbIO LudPpy3Hu 3IeEKTPOHOB (*). 
MpIcuIMMO paciipocTpaHenne ee c MomMomibio cBeTa. Ecuim B KAKHX-IM6O CyUaAXx 
J3bINCHHTCA CIPaBeLIHBOCTh AHdpy3HOHHOTO pacmpocTpaHeHHA JeTOHALMH, TO 
xTO OyfeT cabana AeTOHAWMA. CKopocTh OyeT ONpeeATHCA He MpaBHJOM OTGO- 
pa *Kyre, a COOTHOLIeCHHEM, HMeIONHM, 10 CooOpaxkeHHAM pa3MepHOCTH, BUI 


p=y ©, Py (9) 


rye /— muna cBOOOAHOTO MpoGbera 3eKTPOHOB HIM KBAHTOB, U — HX CKO- 
pocTb, T— BpeCMA XHMHYECKOH peaKUMH pa3zJIOHKeHHA B. B. MOA BeHCTBHeEM 
3JIEKTPOHOB HJIM KBaHTOB. 


MuctutyT xumuyeckon Pu3sHKH Tlocrymuvo 
AxkaylemuH Hayk CCCP (onl eu o6L 


HWHMTHPOBAHHAH JIMTEPATYPA 


1 JI. 0. Jlaugay, E. M. Jiu duu u, Mexanuxa cnaomnpx cpez, M., 1954. ? T. K y- 
pant, K. O©pugapnu xc, CpepxspyKopoe TevenHe HW ydapHbie Bounbl, M., 1950. * M. A, 
(Cook, D. H. Pack, W. A. Gey, Seventh Symposium (Internation) on Combustion, 
London, 1959, p.. 820. 


423 


Jloxnnagn AkayemMun nayk CCCP 
1961. Tom 139, Ne 2 


XHMHYECKAA TEXHOJIOTHA 


Unen-Koppecnonzent AH CCCP H. H. MJIAKCHH, M. A. BEJIAKOB, 
B. JI. PEHTbIPFHH u JI. MW. CTAPUHK 
NPAMEHEHHE AEPHOM PEAKUHMH (a, 2) AJIA ONPEXEJIEHWS 
HEKOTOPbIX JIJIEMEHTOB B PACTBOPAX 


AnepHan peakuua (a, 1) UMeeT OOJbIUOH BEIXOL HEHTPOHOB JVI HEKOTOPEIX | 
9JIEMeHTOB (?). 


Bepuaiui mo sfepHol peakunu Be® + He* — Cl + n’ umeet Han6omb- 


WH BbIXo — 80 HelTpoHoB Ha KaxKybe 10% a-yacTHL. 

Bop mo sfepHbim peakuusam Bet? + He* N23 +n’ u B’’+ Het— 
—> N!4-+ n’ umeeT Bbixoy 24 HeliTpoHa Ha Kaxypie 10° a-uacTuu. 

@top no sqepHol peakuuu F'® + He* —> Na” + n’ umeeT BbIXON, PaBHBIl 
12 neiiTpoHam Ha kaxgple 10° a-uacTuu. 

Jipyrve 3JIeMeHTbI MepMOAMYeCKOH CHCTeMbI MMeIOT 3HaYHTeJIbHO MeCHbIOMH 
BbIXOZ HeHTpOHOB. Tak, JHTHH, KPeCMHHH, aJIOMMHHH, yrviepoy, KuCAOpoy 


HM@€IOT COOTBETCTBEHHO BbIXOg 2,0; 0,74; 0,16; 0,11; 0,07 HettpoHoB Ha Kax- | 


apie 10° a-gacTul. 
AnepHan peakWuA (a, N) WIHPOKO MCHONb3yeTCA TA MOMYIeHHA HEHTPOHOB. 


Hamu Opiia paHee MOKa8aHa BO3MOXKHOCTb HCMONb30BaHHA AepHOH peaKHu 


(a, n) quia onpeyesenua Oepusua, Oopa u dTopa B NposxyKTax oOorauleHua 
(cyxHX MOpomkooOpa3HBIx mpo6ax) (?,*), oHa IpMMeHeHa TakxKe JIA ompeseue- 
Hud Po*!?B pactBopax (*). O6bIMHO Wn BOSOyXTCHHA ALeEPHOK peakunu (a, n) 
IIPHMeHAJINCh G-H31yuaTenH U3 Ra??6, Ac??? wy Po70 

Hamu jis OnpeesieHHA 9JIEMCHTOB B PaCTBOPax Obl] HCMOJIb30BaH MJIOCKHH 
a-H3ly4aTeb U3 Po”?®, Po?! ymeeT nepHogs Nomypacnaga B 138,3 qHA, 3HeEpruio 
Q-H3J1y4eHHA 5,3 M9B HW MAKCHMAJIbHbIM WpoOer a-YacTHUbI B BOsAyxe 3,8 cm (pH 
HOPMAJIbHBIX YCJIOBHAX). Po*° sBasdeTCA JeleBLIM H YJOOHbIM HCTOUHHKOM 
Q-H3JIyYeHHA, TaK KaK IPH ero pacnafe HaGwIOLaeTCA JIMUIb OTHOCHTeIbHO 
cma6oe y-H3/lyyeHne (OHH Y-KBaHT Ha KaxkKgple 10° a-yacTut). 

IloOHMeBbI€ G-HCTOUHHKM OOJIbUIOH AKTHBHOCTH B pe3yJIbTaTe arperaTHOH 
OTAauH 3arpASHAIOT OKPyrxKalorlHe MpesmMeTH noOHHeM. Jia ycTpaHeHusA arpe- 
raTHOH OTayH MOJIOHHeEBLI€E G-HCTOUHHKH HeOOXOAHMO 3aKPbIBaTb 3alllMTHOW 
(Pobron, He OCMaGIAIOMLeEH CYILeECTBEHHO O-H3JTyYeHHe, WIM HaHOCHTb Takylo 
IJIGHKy Ha MOBCpXHOCTb Q-HCTOUHHKa. B 93TOM Culyyae B pe3y/JIbTaTe NOTepu 
SHEprH G-YaCTHIL IPOHCXOAHT YyMeHbIWeHHe BbIXOJla He€HTPOHOB, 4TO JIerKO 
KOMM€HCHPOBaTb YBeJIM4eHHEM AKTHBHOCTH G-HCTOUHHKA. 

IIpu onpeqeneHHH B pacTBOpax 3JIeMeHTOB, OOaarollHx OoubiMM ceye- 
HHeM AJepHOH peakHH (a, 7), HEOOXOMHMO YYHTHIBATbh MaJIy!IO MPOHHKAaIvlLy10 
cClocoOHOCTh a-n3yueHHa. TIlostomy cocy c aHawiH3HpyeMbIM pacTBOpOM 
JOJDKEH MMeTb HO WIM CTCEHKY MHHHMAJIbHOM TOJIHHbI, Yepe3 KOTOPy!o Mpouc- 
XOMUT OO y4eHHe G-4YacTHIaMH. TakHe COCYAbI YROOHO H3POTOBJATb U3 TOPIOBbIX 
a@-cueTUHKOB, Hanpumep BOJI, mpumenwux B HeErOHOCTb, HO COXpaHHBIINX 
B I€JIOCTHOCTH CJHOAAHOe OKHO. JIA vero cpesaeTCA BEPXHAA YaCTb TOPILOBOTO 
cueTUHKa, a HHKHAA HCMOMb3SyeTCA B KAYeCTBE KIOBETHI WIA AHAIH3HPYyeMbIx 
PpacTBOPpoB. 

YcrTpolicTBo, IpHMeHAemMoe HaMH JIA ONpeMeeHHA 3/IeEMeHTOB B pacTBOpax 
MO sepHOH peakuMu (a, m2), H806paxKeHo Ha pue. |. Ja ompenemeHua copep- 
KAHUNA aHaJIMSHPYeMOrO 3JIEMeHTa H3FOTOBJIEHHaA ONMMCAaHHbIM BbILIe OOpas0m 
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KiOBeTa C PaCTBOPOM yCTaHaBJIMBaeTCA Ha a-HcTOUHHK. Hamu ucnoub30Basacp 
KiOBeTa C TOJINMHOH CuIOAHOrO OKHa B 1,8 mr/cm?. 

IIpumenenue [Ia aHaM3sHpyemoro pacTBopa cocyja c eme Oomee TOHKHM 
-AHOM JOI2KHO YBeEMUTb BbIXO HeEHTpOHOB. Eme Gompiuee yBesMYeHHe BLIXOLa 
HEHTPOHOB MOXKHO MOJY4HTb, CCH Herocpes- 
CTBCHHO OOy4aTb NOTOKOM a-4acTHL, aHasH- 
3UpyeMbId pacTBop. B stom cayyae pacTBop 
HaJIMBaeTCH B MJIOCKy!O KIOBeTY, Ha OOPTHKU 
KOTOPOH CBepXy YCTaHaBJIHBaeTCA a-HCTOU- 
HHK. 

B pesybTaTe safepHoli peakuun (a, 7) 
-BOSHHKAIOT OBICTpbIe HeHTPOHLI, MO3ITOMY 
B KaueCTBe JETEKTOPOB MOryT ObITb HCMOJIb30- 
BaHbl CIMMHTHJIJIAWHOHHbIC CYCTUHKH OBICTPbIXx 
‘HeEHTPOHOB H OOpHbile CueTUHKH MeVICHHBIX 
HeHTPOHOB, OKPYyKeHHble 3ameqmuTeem. Ha- 
MH [JIA perMCTpalHu HEHTPOHOB NPHMeHAMAaCcb 
ycTaHopka CU-3 c Tpema HelTpOHHbIMH cueT- 
yuKamu CHMO-5, o6oramenupimu B?°, no- 
MeI€HHbIMM B NapapvHOBbI O10K. a-MecrTou- 
HUK H KIOBETA C HCCJIeEQYeMbIM PpacTBOPOM yc- 
TaHaBJIMBaJIHCb B STOT Ke map aqdbH HOBbIH Puc. 1. YetpoticrBo Aviad ompeyese- 
Ou10K. HHH 3JIEMCHTOB B pacTBOpax NO Aep- 

3aBuicuMocTb cyeTa HeliTpoHOB OT cozep- eels © Ase aa eo ter a 
2KaHHA OepHJINA B pacTBOpe moKa3aHa Ha leHTpUpytoltiee Koso, 4 — KioBeTa 
puc. 2, Tae NO OcH OPAHHAT OTJIOMKEH CYET Cc TOHKHM ZHOM, 5 — aHalM3supyemblii 
HEHTPOHOB, NOJyuaeMblX pH OOyyeHHH pac- pacTBop, 6 — 3aMeqHTeb» — mapa- 
TBOpa, 3a BbI¥eTOM HeliTpoHHOro (bona. 3a De 
HEHTPpOHHEIM (OH MPHHHMaJICA HeHTPOHHbIti 
cyueT, NOJyYaeMbI Np OGyYeHHH G-YaCTHUAMH JMCTHJIJIMpOBaHHOH BOJbI B 
KiopeTe. [’paxyHpoBouHbii rpaduk Obl MOCTPOeH MO 9TaIOHHBIM paCcTBOpaM 
BeSO, B Boge. IIpamonuHelHocTh rpalyHpoBouHOrO rpapuKa NoO3BoOuIAeT 


uMn/MUH 
fai UMN/MUH 
2 
2b 
15 
[15 ie 
= 1 © 
10 | 0 
= 
5 5 
0 19 38 16 hi emefem! L 0° G37 81 1750 2625 F500 nelems 


Be — 


Puc. 2. 3aBHCHMOCTB” cueTa HeliTpo- 

HOB OT COJep#KaHHA OepHJJIHA B pac- 

TBope. / —Q-H3ulyyaTeIb Haw pac- 

TBOpOM, 2 — OOJlyueHHe CKBO3b HO 
KIOBETHI 


ONpeleATh cofepKanve CepwJIuA B 


RB-——~ 


Ff Puc. 3. SaBHCHMOCTb cueTa 
 HeHTPOHOB OT COjep2kaHHA Oopa B 
pactBope 


pacTBope cpaBHeHHeM Cc 93TaJIOH- 


HbIMU PpacTBOpaMH, HemocpeACTBEHHO II0 rpapuky WIM pacyeTHbIM Ny- 


tem. Kak BHHO M3 puc. 2, cueT HeliTpOHOB pH HeMOcpeycTBeHHOM OOMyYeHHU 
pactsopos BeSO, a-yacTulamn (B Cayyae pacnoOKeHHA U3IyuaTeA Han pac- 
TBOPOM) BABOe OONbIUe, YeM IPH OOJYYEHHH PaCTBOPOB MOTOKOM G-4acTHIl CKBOSb 
THO KIOBETHI. 
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Ha puc. 3 mpuBesen rpalyupoBounblit rpabuk 1a ompexenenusa Sopa B pac- 
TBope. PacrBop, cofep2kanul Oop, Obl NOyYeH pacTBOpeHHeM OOPHOH KUCJOTHI 
B pactsope KOH. Tpanzynposounpit rpaduk, MOCTPOeHHBIM MO STAJIOHHbIM pac- 
TBOPaM OOPHOH KHCJOTHI, MOSBOIAeT IPOBOAMTh OnpemeeHve Oopa B pacTBopax. 
AnaJlorwuHble pe3yJIbTaTbl Ob MOJIyYeHbl HaMM Mp onpeseseHun dTopa 
B pactpopax. Masada akTHBHOCTb a@-HcTouHHKa (30 MCu) mosBoOMIa HaM ompe- 
JIeNATh CofsepxKaHne OepnuA, Oopa u *Topa B pacTBOpaXx TOJIbKO IPH OOWb- 
IHX KOHWeHTpanuax. II]pHmeHenHve -HCTOUHUKA AKTHBHOCTHIO B | Cu nO3BOJIHT 
ONpeleATh Ha TMOpALOK HM Oovlee HH3KHe€ KOHIEHTPallWH 3THX 3JJIEMCHTOB. 
a-VMicTouHuK O6OJIbIIOH AKTHBHOCTH laeT TakxKe BO3MOXKHOCTH OMpeAeATb B 
pacTBope JMTHH (mpH OobIMX KOHUeHTpaluax). 

IIpeumymecTBOM JaHHOrO MeTOLa ABJIACTCA TO, YTO OMpeseseHHe He 3aBHCUT 
OT HOHHOPO COCTaBa PacTBOpa AHAJIM3HPYeMOTO JJIEMCHTA, BAXKHO JIHLUIb TO, YTO- 
Obl B pacTBOpe He OblvIO ApyrHx BI€MeHTOB, OONaa‘oljHX OOJIbIUHM BbIXOJOM 
ajepHol peakuun (a, 7). B calyyae NOCTOAHHOH MpHMecH OHOTO H3 J/JIEMeHTOB 
(HanpuMmep, dTopa pH onpeseneHuu CepHsINUA) rpakyHpoBouHBI rpaduK,Kak 
2TO ObWIO MOKa3aHO HaMH Ha MOPOUIKOOGpa3sHbIxX OObeKTAX (*), He TepsxeT IpA- 
MOJIMHECHHOCTH, HO CMellaeTCA MapaieJIbHO CaMOMy CeOe Ha BeJIHUHHY, IIpo- 
MOPUHOHAIbHYIO KOJIMYeCTBY MPpHMeCH B aHaJIM3HpyeMoM pacTBope. 

Tak Kak 10 peakILuN (a, nN) BOSHHKAaIOT B OCHOBHOM ObICTpbl€ HeEHTPOHbI H 
JIA AHANH3a HYXKHbI MaJIble KOJIMYECTBA PaCTBOPA, TO HaJIMUHe B PacTBOpe IIPH- 
MECH 9JIEMeHTOB C OOJIbIIHM CeyeHHeM 3aXBaTa HeHTPOHOB (Oop WH KalMui) 
He OKA3bIBaeT 3AMe€THOTO BJIMAHHA Ha pe3yJIbTaTb aHamusa. Map mpo6er 
Q-YaCTHIL B BeULeCTBe IIPHBOAHT K TOMY, YTO WIA ONpeeJIeHHA IJIEMeHTOB 10 
AepHoH peakiHu (a, 2) HEOOXOAHMbI MHHHMaJIbHbIe KOJIMGeCTBAa PacTBOpa, Ta- 
KHe, KOTOPble JaloT JIMMIb HCHTHYHOCTh TeOMeTPHH OOYYeHHA pH BapHaHTe 
o6yyeHHA cBepxy (MOCTOAHHOe paccTOAHHe OT U3yyaTeNA JO MOBepXHOCTH 
pacTBopa H MoJIowKeHNe MeHHcKa pacTBopa). Jia mpoBeqeHuA aHaN3a BMOJIHE 
octatouHo | Ma pacTBopa. 

IIpu ucnob30BaHHN B padoTe KIOBeTbI C TOHKHM HOM (B culy4ae OOTYYeHHA 
CKBO3b HO KIOBeTbI) OG€CNeYHBaeTCA MOCTOAHHAA TeOMeTPHA OOYYeHHA H KO- 
JIMYeCTBO AHaIH3HPyeMOrO pacTBOpa He OKa3bIBaeT BJIMAHHA Ha oOMmpeesienHe 
COJepxKaHHA DJIeMeHTA. 

IIpu padote c OTKPbITOH KIOBeTOH, KOFa G-HCTOUHHK HaXxOMUMTCA Hemocper- 
CTBCHHO Haj, MOBEPXHOCTbIO 2%KXHAKOCTH, Ha €FO NOBEPXHOCTH MOXKET MPOUCXOAHTb 
KOHJeHCaluA mapoB Bosb. []pu STOM MOxKeT OOpas0BbIBATbCA THApaTHaA MWIeHKa 
MAJIOH TOJILMMHbI Ha MOBepXHOCTH a-HcTOUHHKa. Hamu He OOHAPyxKeHO BJIMAHUA 
3Toro (akTopa Ha CHM KeHHe CUeTAa HEHTPOHOB. HanpoTus, Kak BUHO M3 puce. 2, 
HaOwoaeTcaA Oolee HHTEHCHBHBIM CueT HEHTPOHOB IIPH pacnoJIOxwKeHHH U3uyya- 
TeJIA Q-YaCTHIL Ha AHAJIM3HPYeMbIM PacTBOPOM. CyIeqOBAaTeMbHO, ECM HM OOpa- 
3yeTCA Ha NOBeEPXHOCTH H3JyuaTeJA THApaTHaA MIeHKa, TO ee TOJIHHAa MeHbILIe 
TOJIMIMHbI TOHKOFO Ha KroBeThI (1,8 mr/cm?) H OHA He MpenATCTBYeT MIpOBeeHHIO 
AaHaJIM30B PaCTBOPOB. 


Tloctynusto 
29 e961 


UWMTHPOBAHHAS JIATEPATYPA 


1 OKcCHepHMeHTaIbHad sAfepHaa pusuKa, 2, Tlog pefakuvelt 9. Cerpe, WI, 1955. 
?V.H. Maaxcun, B.H.Cmupuos, J.T. Crap uk, JAH, 127, No 3, 618 (1959). 
SMH. Maake wa, B. Hi Cap poesia Crapuuk, ATOMHas 9HeprHa, 9, B. 5, 
361 (1960). *B. B. WBauosBa 4H ap., ATomHan sHeprua, 7, B. 2, 166 (1959). 
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Woxnange AkaqemMun nayrx CCCP 
1961. Tom 139, Ns 2 


XHMHYECKAA TEXHOJIOFHA 


JI. A. WIPEMHEP u K. M. CAQWJIEHKO 


®YU3NKO-XHMHYECKOE BJIVAHHE SKUAKUX CPE 
HA H3HOC CTAJIMV HW TBEPAOFO CNJIABA MPH TPEHHH 
O TOPHDIE MNOPOIbI 


(II pedcmaeaexo akademuxom IT. A. Pe6tuHdepom 17 II 1961) 


Buauanne (Pu3HKO-XHMHYeCKHX CBOMCTB 2KHAKOCTeH Ha H3HOC TBEPAIX Tes 
pH TpeHHH NpefcraBseT OONbUIOM MpakTHYeCKHH HWHTepec WIA pa3JIMUHbIX 
dOIacTeH TEXHHKH, B YACTHOCTH MH WIA OypeHHA CKBaxKUH Ha He*Tb, OCOOeHHO 
da OoubWIMX riyOHHax. B cBx3H C STHM ObIWIM MpOBeMeHbI HCCIEMOBaHUA 10 
ASHOCY 3aKaJICHHBIX CTaeH WM TBEPAbIX CIIaBOB IPH TpeHHM O TOPHble MOpOLbl 
3 Ppa3JIMUHbIX %KHAKUX cpeqax. IIpu sTOM ObIH NMOJyYeHbI HEKOTOPble NpHH- 
(MMMa/IbHO HOBbIC pe3yJIbTATHI, KOTOPHI€ H H3JIOXKEHbI B LAaHHOM CTAaTbe. 

UcnbitaHua mpoBoyusucb Ha ycTaHoBKe (cM. cxemy, puc. 1), cmemHabHO 
043paO0TaHHOH MO PYKOBOACTBOM OJHOTO M3 ABTOPOB JIA HCCIEROBaHUA H3HOCa 
“eTAOB MPH TPeHHM O TOPHbIe Noposbl Gy: 

OHH H3 9JIEMeHTOB Tpymelica napbl npeycraBsaer coOoH WucK J, MameT- 
90m 30 MMU TOMMMHOH 2,5 MM, pyro uMeeT BH MIOCKO-MapauieJIbHOTO 
Opasua 2, AWHHOM 5—7 cm. Bpamatoululica ucK 
IpMxkuMaeTca Harpy3KoH P k noBepxHocTH oOOpas3- } 
fa, KOTOpoMy cooOmlaeTcH MeieHHOe mocTyna- 

"eIbHOe JBMxKeHHe. McnbiryemadA %UAKOCTb B BE ! 

IIOCKOH CTpyH MNOMBOANTCH K MeCTY KOHTAKTAa 

lucka wu OOpasua. é 

| Tloce Kaxkoro OnbITa onpeseisAICA OObeEMHDbIL Y a7, 
13HOC OOOHX TPYLIHXcA Te, a B Mpowecce UCrbITAa- 

iM M3MepsJacb cuJla TpeHua F MexKZYy QHCKOM H YY, 
)Opa3iOM IIpH MOMOULM CrelvasIbHOrO MOMEHTOMEepa. 3 
AsmepeHve CHJIbI TpeHHA MO3BOJIAIO OMpeqeATS 
/COBHBIM KoodppunveHT Tpenua BP = F/PMyMelb-  pyo 4. Hpunnunvanpuas 
tyi0 OObeMHYIO paOoTy u3HOca. Tak Kak paoota cxeMa yCTaHOBKH 
{3HOCa MOXKET ObITb OmpeseeHa TOJIbKO CYMMAPHO, 

70 ee HEJIb3A pasqeNHTb Ha OT/eJIbHbIe COcTaBJIAioMHe. Ilo sToH npu4uHe 
[PH BBIYHCJICHHH yebHOK paOoTbI H3HOCa paOOTa CHI TPeHHA MOJIHOCTHIO OTHO- 
‘MJlacb KaK K OJHOMY, TaK M K Apyromy Tey. 

Tako MeTo ucceOBaHHA M3HOCA TBEP{IX TeJI MPH TPpeHHH, B OTJIMUHE OT 
\ODIHO IIPHHATHIX, MO3BOJIAET MOJIHee BLIABHTb IIpHpoly MpOWCXOAAWHX ABUIe- 
HM, OCOO€HHO B IIPHCyTCTBHM X%KHAKUX cpel. 

J[1 OCHOBHOM YaCTH OMbITOB HCKH H3FOTOBJAJIHCb H3 HCIbITYeMbIX MeTaJ- 
10B, a MVJIOCKO-MapaJeJIbHbIe OOpasilbl — H3 TOpHbIX MOpo, WH MMHepasoB. 
AccleqOBaHUA ObIIM MpoOBeseHbI C 3aKaJIeHHOK cTabio Y8 u KapOu-Boubdppa- 
fOBbIM CiiIaBomM BK6, riaBHbiM OOpasoM Ip TpeHHH O KBapll, TaK KaK TOCcJe- 
‘MMH OO/afaeT BbICOKHMH aOpa3HBHbIMH CBOHCTBaMH, 4TO COKpallaeT HeOOxo- 
[MMOe BPeMA ONbITA, HU He MPOMHTbIBAeTCA HCHbITYeEMbIMH 2%HAKOCTAMH. OMNBITHI 
IpOBOWIMCh pH Harpy3Ke 10 KI u OKpy»xHOH cKOpocTH 47 M/MuH. Bo Bcex 
DbITaX NepBOHAYaIbHAaA IePOXOBATOCTb HOBePXHOCTH TPeHHA Oba OfMHa- 
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KOBOH. BuaHaAHWe KUAKHX Cpe Ha M3HOC CTaJIM’ Ha Apyrux TOpHbIX mMoposax 
HW MHHepasiax (H3BeCTHAK, IMPOKC@HHT, MHKPOKJIMH, KPeMeHb) OblvIO TAKUM Ke, 
KaK H Ha KBaple. 


Ta6Oauna 1 


HsvHoc Ha eqHHHILYy YyelwbHaa padota 
nyt, = usHOCca, 
Kugkasa cpena cm*/M - 10° eee kI'M/cm®-10~* 
[450 = Tr DEH TH seams 
cTaju KBaplla cTaJIu KBapila 
Boya 4,80 | 22,80 One 15 oO, 4 
Tlonetuaamunoanerat 
(0,4%) 0,82 6,45 0,065; 755 1,0 
Oneat HaTpua (0,25%) 4,60 4,40 0,08 5) des 
Kap6okcuMeTH ae I0103a 
(KMII, 2%) 1,07 3,70 0,30 28 8,2 
Kepocuu OR a2 1,65 0,40 88 6,3 
OnenHopad Kuctota (1% 
B KepocnHe) 0,24 350 0,12 58 4,8 


B Ta61. | npHBeseHb! Pe3yJbTAaTbI ONbITOB NO usHOcy cTalmM Y8 up TpeHHH 

O KBapl, B HanOovlee THIIMYHBIX NO CBOHM ()U3HKO-xHMHYeCKHM CBOHCTBAM 2KHJI-| 
Kux cpefax. B Bo,HbIX paCTBOpax NOBePXHOCTHO-aKTHBHBIX BeWIECTB: JOMeWMI- | 
,. aMMHoaleTaTa (KaTHOHOAaKTH- 

J» 4 Ben) WM OeaTa HaTpuA (aHHO- 
HOAKTHBeH) — KosdPuveHT | 
TpeHHA, a CJIeOBaTeJIbHO, H 
pa6oTa CHJI TpeHHA Ha eHHH-| 


Av, 25 10 Wy NYTH yMeHbIUWaIOTCA B Per 
500 9 pas, a H3HOC CTaJIH YMeHb- 
hap laeTcA BCero JIHIIb B 6—3 
083 pa3a lO CpaBHeHHtO C BOON. | 
300 5 Takum o6pa3om, pa6ota 
200 CHJI TpeHHA yMeHbIuaeTcA 3Ha- 
roo 2! YHTeJIbHO OOJIbIUe, YM H3HOC 
OL 0 TPYIULUXCA TeJI, ATO MOMKET HMETb 


0 
aot gi i 825% ecto ToJbKO B TOM culyyae, | 
eCJIH IMOBepXHOCTHO-aKTHBHbIe 
Puc. 2. 1 —wsHoc cram (cm*/m-10°); 2 — ycnoB- pemecTBa O6erdarorT MIPOMECC | 
Hb = KosqpwueHT TpeHusa; 3—ypenbHaA paodota paspyleHna, T. e. o6ulaqaior 
H3Hoca cTaH (KI'M/cm®- 10-8) 8 an 

JUCHeprupyloluluMu CBOHCTBaMH 
(ahdexT Pe6ungepa (?)). Yaenb- 
Has padoTa M3HOCA CTAJIH H KBaplla B paCTBOpax NOBepX HOCTHO-aKTHBHBIX BelleCTB 
B 2—3 pa3a MeHbIIe 10 CpaBHeHHIO C BOOM UM CBUJeTeIbCTBYeT O TOM, YTO 3TH 

PpacTBOpbI OGNaqaloT AMCHeEPrupyrouluMU CBOHCTBaMH. 

Ha puc. 2 npHBeyeHa 3aBHCHMOCTb M3HOCAa CTaIH, KosppulveHTa TpeHua HW 
yAebHOW paOoTE M3HOCA OT KOHUEHTpPallHu OJeaTa HaTpHA B Boe. Kak BULHO 
M3 XOJla KPHBbIX, H3HOC YMeHbIMaeTCA MapadJIeJIbHO YMCHbINeHHIO YCJIOBHOTO | 
KOsppullwenTa TpeHHA, HO MeHee HHTeCHCHBHO, 3a HCKJIOUeCHHeEM HavasbHOTO 
yuacTka. Haumenbmad BewMyHHa ycsOBHOrTO KO3SPuUMeHTa TPeHHA COOTBeT- 
cTByeT KOHWeHTpanuu OT 0,1 no 0,25%, Tora Kak KOS@HUMEHT TPeHHA CKOJIb~ 
*KeHUA CTA MO KBaplly JOCTHTaeT CBOHX MHHHMAJbHBIX 3HaueHHH mpH 0,01%, 
T. €. Ha MOpAOK MeHbILIe. 

CopeplleHHO HHOe JeicTBHe OKAaSbIBaIOT Ha H3HOC YrVIeBOMOPOAHbIe KUKOCTH. 
Tak, B KepocuHe Ko3squuneHT TpeHHA yMeHbUaeTCA B 7 pa3, a U3HOC CTAaJ 
nouTu B 40 pas. B stom culyyae M3HOC CTaIM 3aTpyHeH, YTO IPHBOAHT K pesKOMy 
YBeJIMYCHHIO H YleJIbHOH padoTL! H3HOCa — MpHOJM3HTebHO B 6 pas M0 CpaB- 
H€HHIO C BOOM, NOTOMY YTO BOA, B OTHUME OT KepocuHa, OOeruaeT mpomecc 
PpaspylWeHuA M CTaIM M KBaplla. 
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J[pyrad UHTepecHas OCOOeHHOCTD 3aKJIONaeTCA B TOM, YTO JOOaBKH MOBepx- 
HOCTHO-aKTHBHBIX BeLIeCCTB He YMeHbINaIOT, A HaOOOPOT, YBeIMYHBAaIOT H3HOC, 
Tak KaK OHH CHJIbHee MOBbILMAaIOT MCHeprupyloulwe CBONCTBA YyrvIeBOLOPONHBIX 
2KMAKOCTeH, EM CMa3O4HBIe. 

TlomyueHuble pe3yJIbTaTbl KAYeCTBEHHO COrslacyloTCa C JaHHbIMH M0 BJIMS- 
HHIO 2KMAKMX Cpe Ha yfleJibHy!o paOoTy pe3saHHaA 2%xeNesa Hu cTasei (*), a 
Take Ha H3HOC CTaJIM IIpH TpeHuu B Kepocuue (‘). 

BausaHwe Bofnoro pactBopa KMI[ Ha w3HOc oTMuaeTCA OT JeHCTBHA 
MOBEPXHOCTHO-aKTHBHbIX BeULECTB H YIvIeBOLOpOAHbIX cpet. B jaHHom cu1yuae 
YMeHbINeHHe H3HOCA CBA3AHO C MOJIMPy!OUlHM JeHcTBHeM, T. e. C yMeHbIIeHHeM 
INe€pOXOBAaTOCTH TPeHHA B Mpolecce OMbITa, TO ObIIO MOATBEPHKTeHO KH Mpoduso- 
‘TpammamMi. B Hayaie onbita KosppuuneHT TpeHHA B pacTBopax KMI] TaKoii xe, 
KaK H B BOJle, a Jaslee OH pe3KO yMeHbIUaeTCA H JOCTHTaeT MPHOMMSUTEMbHO Ta- 
KMX Ke 3HayeHHH, Kak HW B paCTBOpax MOBEPXHOCTHO-aKTHBHBIX BemecTB. Ila- 
‘PaJJIeJIbHO C YMeHbIIeHHeEM KOSPPHUNeEHTAa TPeHHA YMeHbIUaeTCA HM W3HOC, H 
MpHTOM ObicTpee, YTO MOXKHO ObIWIO MpOCceqHTb NO H3HOCy KBapila. HexoTopoe 
3allOJIMpOBbIBaHHe HaOOMaeTCA HM B APyrHX %KUMAKUX Cpesax, HO OHO BeCbMa 
H€3Ha4HTeJIbBHO H HM MOXKHO IpeHedpeub. 

Bo BceX HCMbITaHHBIX KHAKHX CpeaxX OHOBPeMeHHO C YMeHbILIeHHeM 
W3HOCA CTaJIH MPpOHCXOAHT H yMeHbIUIeHHe H3HOCa KBaplItla. 

BumaAHMe WOOaBOK MOBEPXHOCTHO-aKTHBHbIX BeWLECTB B BOAHOM HW yrseBogo- 
POMHOH cpewax Ha H3HOC pH TpeHHM B OCHOBHOM CBA3aHO C aCOpOMMOHHbIMH 
ABJIGHHAMH, IIPOTeKaIOWIMMH KaK Ha BHeIIHeH MOBepXHOCTH TPyulMxca Ted, 
TaK WM Ha MOBeEPXHOCTAX, Pa3BHBAIOWIHXCA B OU€Hb TOHKHX CJIOAX, MPHMbIKaIO- 
WiHX K 93TOH MoBepxHocTH. Kpome Toro, mpowecc paspylieHHa MpH M3HOCe 10 
cBoeH MpHpose ABJIACTCA YCTaJIOCTHBIM, YTO TakKxKe CKa3bIBaeTCA Ha ScpceKTHB- 
HOCTH JleHCTBHA %KUAKUX Cpe. 

Kak uspecTHo (*), s@deKTHBHOCTbh JeHCTBHA 2%KHAKHX Cpe BOspacTaeT M10 
Mepe yXYAUIeHHA YCJIOBHH MeXaHHYeCKOTO pa3pyINeHHA TBePbIX Te, 4TO, 
B YACTHOCTH, ObIJIO MOATBEPKEHO ONbITAMH MO H3HOCY CTaIH Ha KBaplle, KBap- 
Il€BOM MeCuaHHKe HM aOpasHBHOM KaMHe. B 93TOM PALLY OT KBaplla K adpa3uBHOMy 
KAMHIO II€POXOBaTOCTb H OCTPOYTOJIbHOCTb NOBEPXHOCTH TPeHHA yBeJM4H- 
BarloTCA HW TEM CaMbIM OOJIeruaeTCA MeXaHHyeCKHH Mpowecc u3HOca cTamH. Benen- 
CTBHe STOTO H3HOC CTaJIH B pacTBOpe OJIeaTa HATPHA HU, OCOO€HHO, B KepocuHe 
YMeHbIUaeTCA Ha KBaplle 3HAYHTeIbHO OovIbIue, YeEM Ha aOpa3HBHOM KaMHe. 
IIpH TpeHHH TakHX pa3HOpOAHbIX MO CBOHM (u3HYeCKHM CBOHCTBaM Tel, KaK 
MeTAJIJIbI H TOPHbIe NMOPOAbl, TPYLHO yCTaHOBHTb, Ha KaKOe H3 HUX OKAa3bIBaeT 
BIIMAHHe JaHHad WKUAKaA cpeza. Ec cpefsa oKa3bilBaeT BJIMAHHe HA U3HOC 
TOJIbKO OMHOTO M3 TPYULMXCA Tel, TO 9TO HEMHHYeMO OTparKaeTca Ha H3HOCe 
uw Apyroro Tea. Ja yTOuHeHHA MeXaHH3Ma JleHCTBUA OblJIM MpOBeeHbI B He- 
60JIbIIOM OOBEME OMBITHI NO BJIMAHWIO HEKOTOPHIX %KHAKUX Cpe Ha HU3HOC OJHO- 
POWHBIX Tap TpeHHA: cTalb — cTaJlb H KBapl — KBapl. IlomyaeHHEIe pesyvib- 
TATbI YOCAHTENILHO MOKAa3bIBaIOT, TO BJIMAHWe 2KHAKUX Cpe, Ha H3HOC MpH Tpe- 


| HHH OJHOPOJHbIX lap HE MO%KeT ObITb Mepe€HeceHO Ha CMCIMIaHHble Mapbl TPeCHHA 


HHOrMa fake KayecTBeHHO. 

M3Hoc TBepyoro cnuiapa BK6 mpu TpeHHH O KBapl B TeX Ke KXHAKUX Cpelax 
YMeHbINaeTCA, HO HX BUIMAHHe B 2—4 pa3a culaOee, YeM Ha cTaIH. Kpome Toro, 
W3HOC, KaK IIpaBHJIO, YMeHbIUNaeTCA MPOMOPUMOHAJIbHO YMeHbILeHHIO CHI Tpe- 
HHA, T. €. B OCHOBHOM 3a C¥eT CMA304UHbIX CBOHCTB 2KHKOCTeH. 

Muctuty?t reomoraH HW pa3paOoTKH roplouHX HCKOMaeMbIxX TloctynHs1o0 

Akaylemuu HaykK CCCP 28 I 1961 
UHTHPOBAHHASA JIMTEPATYPA 
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Woxrszage AnagemMun nayrx CCCP 
1961. Tom 139, Ns 2 


‘TEOJIOPH A 


Unen-Koppecnonzent AH CCCP B. H. CAKC 


HOBbIE JAHHbBIE O HYDKHE- WH CPEJHEFOPCKUX 
BEJIEMHHTOBbIX ®AYHAX CHBUPH 


3a TlocleqHHe Tofbl coOpaH Gorath MaTepuas no OeseMHUTaM H3 HM2KHe- 
WM CpeAHeIOpcKHX OTNOKeHHH CHOUpH, BbITOMHO OTMMYUAaIONLMiiCA OT BCeX IIpe- 
AbILYUIMX COOPOB HaJIMYHeM HaexKHOH MPHBA3KH K pa3spe3saM, 3agacTy!O OXa- 
PakTePpH30BaHHbIM AMMOHHTAMH. STO OTKPbIBa€T BOSMOAKHOCTH B JaJbHeHIIeM 
Ooulee UIMPOKO HCMOb30BaTb CeJICMHUTH JIA ONpemeeHHA BOspacTa BMe- 
UaouldxX HX OTJIO*KeHHH. 

ABTOPOM H3y¥aIMCb KOJWICKIWHU, LOCTaBseHHbIe M3 OacceiiHa p. AnaOapa 
askcnequnuuamu Muctutyta reomoruu ApxtTuxu (B. H. Caxc u H. VW. Wyap- 
ruua, 3. B. Ocunosa, B. B. )Kykos, ®. ®. VbuH), u3 HusoBbeB JIeHbI HC ee 
JI@BLIX IIPHTOKOB 9KCHelquuMAMH BececoiosHoro agporeosioruyeckoro TpectTa 
(P. A, Bugxuep u IO. HW. Munaepa), Hecdranoro unctutyta (H. M. JKuHo- 
pug3se), AkytTckoro dumuana Akagemun HayK CCCP (B. ®. Orati), 13 Gacceiina 
Bumoa T. MW. Kupuuoi (Hedtavon uuctutyt), c Bepxonuckoro xpe6ta (AkytT- 
ckoe reoJiorHueckoe ynpaBuyeHHe), U3 BepxoBbeB Koupmpr b. [. Kosoropue- 
BbIM (Cepepo-BocTouHoe reosormyeckoe yipaBueHHe),c p. Buuru K ceBepy OT 
Oxotckoro mops A. C. Jlarucom (MuctutyT reosoruu u reodusuku CuOupcKoro 
oTmeneHua Akajemuu HaykK CCCP). Hapsyy c sTum Obiuin yaTeHbI OeseMHUTHI, 
ONHCHIBaBIIMeCA JPyruMu ucceqoBaTeamu (1,°). Uto xe KacaeTCA MpeyBapu- 
TeJIbHBIX ONpesesIeHuH OeeMHUTOB, IIpHBOAMMbIX BO MHOFHX paGoTax H axe 
(UrypHpPYIOMlMXx B pelleHHAX CTpaTHrpaduyeckux COBeMLaHHH, TO K HX HMCIMOJIb- 
30BaHHIO MIPHXOMHTCA MOMXOLUTb OYeHb OCTOPOXHO BBY HeBOSMOXKHOCTH 


-CpaBHeHHA M3yuaBlerocaA MaTepHaa C HalllMM. 


BesieMHUTbI B HH2K HEIOPCKHX OTJIOXKEHHAX CHOHPH NOABJIAIOTCA CPaBHHTeJbHO 
NO3HO, JIMIIb Cc BepxoB JoMepcKoro aApyca (Ta6m. 1). B oTmox*KeHuaAx ApycoB 
TeTTaHrcKoro, CHHemiopcKoro, JIOTapMHrcKoro, MIMHCOaxckoro HM OOUIbIIeH 
yacTH JoMepckKoro spyca Hurge B CuOupH u Ha JlaibHem Boctoke OeJleMHUTHI 
moka He OOHapyxeHbI. BewemMHUTEI, HaliJeHHble B BepXHeM TpHace B KapHHit- 
CKOM aApyce Xapaymaxckux rop H. C. [Ppam6eprom u onucanupie IO. H. I[Io- 
NOBbIM Kak Belemnococeras darkensis gen et sp. n., MpefcTaBsAIOT cHelva- 
JIH3MPOBaHHYI0 BeETBb H He MOryT PacCMaTPHBATLCA KaK HCXOLHbIE WIA PasBuTHA 
lopcKux OenemHUuTOB cbopmpl. B Bepxax Jomepckoro apyca BMecte c Amaltheus 
margaritatus Montf. var. compressa Qu. B 6acceinax Ana6apa u Buusios Betpe- 
yenbt Passaloteuthis u ofuH Buy Mesoteuthis, cxoqHble C BHAaMU, U3BeECTHbIMH 
B SanamzHol Espone, u yacTHuHo OOuTaBLUNMH B Espone paHee, 4€M OHH IIpo- 
HUKJIM B BOCTOUHO-cuOupcKue mops (Passaloteuthis apicicurvata Blainv. u 
P. argillarum Lang onucanpt u3 namucOaxa Anrsun). 

B HMxKHe YacTH ToapcKoro aApyca B Oaccelinax Ana6apa, Jlenbt u Bustos 
B cuioax c Dactylioceras spp. OeJIeMHHTbI paciipocTpaHAIOTCA OYeHb IHPOKO, 
6ylyuu mpeycTaBeHb pagzom BugzoB Passaloteuthis, Nannobelus, Mesoteuthis 
M [[p., YaCTHYHO TOAKJeCTBEHHEIX HIM OM3KUX eBponelickHM BuaM. VM 3yecb 
HaOmofaetTca Goce Mo3hHee MpOHHKHOBeHHe B CHOMPCKHe MOpA eBPOMeHCKUX 
pOJOB H BYOB, yKasbiBaroilee, OUCBULHO, Ha HaripapwieHve Murpalui u3 Esponb 
8 ApxtTuyeckuit Oaccelin (Nannobelus, Salpingoteuthis, Dactyloteuthis, Coelo- 


-teuthis). OqHOBpeMeHHO MOABJAIOTCA MHOrHe BUIbI, HEH3BECTHBIe 3a Tpesedamu 
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Ta6nuna 1 


Beprukasibuoe pacnpocTpaHeHue HH%KHe- HM CpeAHelopcKux OenemHUTOB B CuOupH 


ap — HaxHHH 


aaJieH 


Bepx- 


Jlomep, 

HAS WacTb 
Toap, HHx- 
HAA YaCTb 
Toap, Bepx- 
HAA YaCTb 
Toap, Hepac- 
yJIeHeHHbI 
BepxuHult To- 
Bepxunuit 
aasieH 

Baiioc 
HuxuHuli Oat 
Bepxuuii Oat 


Passaloteuthis apicicurvata (Blainv.) 
. aff. argillarum Lang 

. tolli (Pavl.) 

. Viluiensis Krimh. 

subinaudita Voron. (in mns) 
inaudita Voron. (in mns) 

. aff. seatownensis Lang 
gigantoides (Pavl.) 

Nannobelus janus (Dum.) + 
N. pavlovi Krimh. 

N. difficilis Voron. (in mns) 

N. parvus Voron. (in mns) 

N. aff. parvus Voron. (in mns) 

N. camptus Voron. (in mns) 
Coeloteuthis arctica Voron. (in mns) 
Dactyloteuthis dolosa Voron. (in mns) 
D. aff. hebetata Ernst 

Salpingoteuthis tubularis (Joung et Bird) 
Homaloteuthis aff. raphael (Lang) 
Hastites clavatus (Schloth.) 

H. aff. clavatus (Schloth.) -F 
H. cf. neumarktensis (Opp.) 
H. cf. compactus Kolb 

H. cf. bergensis Kolb 

H. aff. toarcensis (Opp.) 
Rhabdobelus aff. exilis (Orb.) 
Rh. cf. compressus (Stahl) 
Mesoteuthis aff. ilminstrensis (Phill.) -- 
. conoidea (Opp.) 

. subconoidea Voron. (in mns) 
oxycona (Hehl in Zieten) 

. stimula (Dum.) 

. aequalis (Opp.) 

. laptinskajana Voron. (in mns) 

. subrostriformis Voron. (in mns) 

aff. subrostriformis Voron. (inmns) 
janenschi Ernst + 
Holcobelus viligaensis sp. n. 

Dicoelites bidgievi sp. n. 

D. minaevae sp. n. 

D. sibiricus sp. n. 

D. vagt sp. n. 

Megateuthis (?) sp. ind. (cf. aalensis Voltz) 
M. aff. elliptica (Mill) 

M. aff. quinquesulcata (Blainv.) Lda 
Megateuthis sp. 

Cylindroteuthis aff. subextensa (Nik.) 
Pachyteuthis aff. subrediviva (Lem.) 
P. cf. cuneata Gust. 
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CuOupH HU, BO3MOXKHO, ABJAIOULMeCA SHAemHYHbIMH (Nannobelus pavlovi Krimh., 
N. difficilis Voron., N. parvus Voron., Mesoteuthis subconoidea Voron., 
M. aequalis Voron., Passaloteuthis tolli Pavl., P. viluiensis Krimh., P. su- 
binaudita Voron. u 4p.). Bepxuaa uacTb Toapa (caion c Pseudolioceras compa- 
ctile Simps.) moka c1a6o oxapakTepu30BaHa OeseMHUTaMH, HO, Cy M0 aHa- 
OapcKomy paspe3y, B STO BPpeMA HayMHaroT mpeoOsanaTb Hastites, nepBble mpes- 
CTaBHTeJIM KOTOPbIX B CuOupH ecTb uw B HMKHeM Toape (H. aff. toarcensis Opp.); 
ucuesaioT Nannobelus; craHoBatea peyKumu Passaloteuthis, Dactyloteuthis 
u Mesoteuthis. 
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Ha Jlene u kK BOCTOKY OT Hee BbIemAerca CBoeOOpasHbI KOMMIeKe Genem- 
HHTOB, BO3MOXKHO TakKe BKJUOUaIOWMH TOap, XOTA M He BCTpeyeHHbI noKa 
2OBMECTHO C TOAPCKHMH aMMoHHTamu. Ha p. Busure 9TH GeeMHUTHI OOHAapyxe- 
Hb BMecTe c Leioceras (HwxKHHM aaeH), HO CTpaTurpadwueckn HMxKE TMepBbIX 
HaxOfOK CpefHelopcKHxX MHOWepamos, Ha Jlene ruMHbI C OeeMHHTaMU JexKAaT 
HeNOCpeCTBeEHHO Hay cnosmu c Amaltheus (gomep) u BBepxy cogepxat Leio- 
veras (HWKHHH aaneH), Ha Koubime OeeMHUTHI CompoBOxKAaloTcA HHOWepaMaMu 
2peqHelopckoro Tua, HakoHell B BepxoAsHcKom xpeOTe ropH30HT Cc OevIeMHUTaMH 
3aleraeT Hal CJIOAMM C JOMepCKHMH NesewHnogamu. B paccmaTpHBaeMoM KOM- 
qleKce TOCHOAcTByIOT peycTaBpuTenu Hastites (H. clavatus Schoth. u gp.), 
|Rhabdobelus, eure coxpausiotcs Passaloteuthis, B TOM 4uCuIe CHIbHO ChaBseH- 
able c OoKoB P. inaudita Voron. u P. subinaudita Voron., Mesoteuthis cf. 
tonoidea Opp., Dactyloteuthis. BmMecte c Tem 3yecb MHOro (opM, XapakTepHBIX 
IIa cpeqnel roppl — Holcobelus viligaensis sp. n. c BepeTeHOBHHbIM pocTpoM 
a WHpPOKOH OprolsiHOH Copo3sszoH, OOIoMaHHbIe pocTpbl KpynHbIx Megateuthis (?) 
sp. ind. (? cf. aalensis Voltz). 

Haliqeubl TakxKe B OOJIbIIOM KOJIM4YeCTBE POCTPbI C XOPOLO BbIPaxKeHHOL 
‘HHHOH Ooposyouw, mpHHasexanjue K rpynne Dicoelites, Ro cux mop u3Be- 
cTHOH TOJIbKO M3 Oaloc-OaTa M BepXxXHel IOpb! 1O*KHOK UH cpefHeH Esponp, Kas- 
ka3sa, Wuguu, MWngonesun, Adpuxu u Kopazuapep. Crenyet cKa3aTb, 4To Hal 
POpMbI OTIMUAaIOTCA OT THNMUHIX Dicoelites (D. ex gr. meyrati Oost.) BepeteHo- 
3HJ,HOH MOpMOH pocTpoB HM CTOAT OMxKe K poxy Prodicoelites, BreneHHOMy 
9. UWronsneem (°) B Oatioce — BepxHeli rope Esponpi u roxKHoh Asuu, OgnaKko 
IO 3HAYHTeJIBHOMY PasBUTHIO OpIowHOH SOopossb, mpoTaruBaromelica y Dicoeli- 
tes bidgievi sp. n. oT mMepeyHero KOHIa pocTpa Ha 3/, AJIMHbI MOCTaJIbBeOJIAp HOH 
qacTH pocTpa, H OokoBoMy cxKaTHIO (GoKOBoH ZHametp y Dicoelites bidgievi 
sp. n. 92% cnuHHo-6proutHoro, y D. minaevae 80—81%, D. sibiricus sp. n. 
33—92% u TombKo.y D. vagt sp. n. 95—103%) cHOupcKue BUbI CyuleCTBeEHHO 
aTuMuaroTcA U OT Prodicoelites Stolley u, Bo3MoxKHO, B 6yyuleM, MO Mepe Ha- 
KONJICHHA MAaTepHala, CMOFyT OLITb BbIAeICHbI B CAMOCTOATEJIbHbIH POM, a BMECTe 
2 Dicoelites u Prodicoelites, ObITb MoxKeT, B COOTBETCTBHH C MHeHHem 2. LITo.w- 
mea (°),— cocTaBAT M CaMOCTOATebHOe MOCemelicTBO. 

Jina cu6upcexux Dicoelites xapaKTepHbl IIpH MaJIOM aJIbBeoJIe, 3aHHMAIOIIeH 
y D. bidgievi 4/, poctpa, cmemeHue KBepxy ee KOHIa (SKcLeHTpucHTeT 13/,), 
*MeleHHe K CMMHHOW CTOpOHe OCceBOH JIMHHM HM pe3KO BbIpPaxkeHHaA BepeTeHO- 
BYfHaa dopma. BproulHaa Gopo3za y Bcex BUAOB riyOokaA uM COMpoBoxKaeTca 
y D. bidgievi cnaixo#. CnuuHaa Ooposya y D. bidgievi n D. vagt Haynuaetca 
DT alHKaIbHOFO KOHILa H UseT MO Bcemy pocTpy, y D. minaevae ona HaOuI0- 
WaeTcA JIMUIb B AaNWKasIbHOM “uacTH pocTpa H UCcuesaeT y MeCTa HanOoJIbUero 
pacumupenua poctpa. Y D. bidgievi cnuHHaa Oopo3fqa, wWMpokaa HM ObICTpO 
TWepexoqailad B yiIONleHve, eCTb TOJIbKO B NepelHel wacTH pocTpa BOM3H 
aJIbBeOJIbI. BokoBbie Oopo3f{bl BbIpaxKeHbI XOPOLO, B MepeqHeH yacTH pocTpa 
HepexosAT B ynvIomeHHaA. 

OnvcbIBaeMbIM KOMIIJIeKC OeJIEMHHTOB, OUeCBHHO, CYUIECTBOBa B paHHe- 
aaJieHcKoe Bpema. BnouwHe BO3MOXKHO, YTO HWKHAA YaCTb CJIOeB C Ha3BAaHHbIMH 
DesIeMHHTaMH OTHOCHTcCA K Toapy (Ha JleHe B HMXKHEH UYaACTH STHX CJIOeB 
ame net Holcobelus, Megateuthis? u paga sBugos Dicoelites, Ho cpasy 
we Hall MOMepcKHMM OTJIOMKeHHAMM HaligeuEt Dicoelites bidgievi sp. n. 
u Hastites clavatus Schloth.). He ucks1oueHo cyuiecTBOBaHve paccMaTpHBae- 
MOTO KOMIJIeKca B (palluAX OTKPbITOTO MOPA M OMHOBPeMEHHO C PaHHeTOapCcKHM 
Komiuiekcom c Nannobelus, Mesoteuthis u 4p., NpHypO4deHHbIM K NpHOpexHbIM 
banuam Ha nepudepuu Cu6upcKol nuatpopmul. [lockoubky, OMHako, B Nocaon- 
HO H3Y4eHHBIX paspesax B OacceliHax Ana6apa u Jlenpi Hastites B OobIOM 
KOJIMYCCTBE NOABJAIOTCA JIMIUb Mocue HHKHeETO TOapa CO CBOMCTBeEHHbIMH eMy 
OeeMHUTaMH, BepOATHee paCCMaTPHBaeMbIli KOMIIJI€KC JaTHPOBaTb T03HUM 
ToapoM — paHHHM aasleHOM, OTMeuad MPH STOM CYyeCTBeEHHOe OTJIM4He eFo OT 
OMHOBPeMeHHEIX GeseMHUTOBLIX dbayH SanazHol Esponbi u Kapkasa. B 3Tom 
MposABuocb, MO-BHAuMOMy, OGocob/IeHHe OopeaJIbHOH MpOBHHIMH C KOHIIa 
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PpaHHelopcKoli SMOXH C pasBHTHeEM B CHOMPCKUX MOPAX MIpeLKOB MpeMMYecTBeH 
HO 6afiocckux Holcobelus u Megateuthis Epponbt 4 Kapkasa un Oalioc-OaTcKH? 
H mo3qHeropcKHx Dicoelites }OxHot Esponpi ux Asnn. 

BepxueaaienckHe GeJIeMHHTEI NOKa H3BeCcTHBI ca60. Ha noGepexpbe Anabap} 
ckol ry6bi BMecte c Ludwigia co6paupt TombKo Hastites aff. clavatus Schloth 
Vimerouyecs yKa3aHus O HaXOMKeHHM B aasleHe ceBepo-BocToUHOH CuOupx Holl! 
cobelus ex gr. tschegemensis Krimh. u H. cf. blainvillei Voltz sceneqctau 
Npe{BapHTebHOFO XapaKTepa oOMpeyeseHHH HyKaloTca B MOATBEPRAeHHuH. 

B 6aiioce u HuxKHeM OaTe Ha AnaGape u JleHe coxpaHstoTca TobKO Mega 
teuthis, H mpHuem cBoeoOpasHble MeJIKHe POPMbI, CXOMHBbIE C MOJIOAbIMH 3K3EM 
IIAPaMH OTICJIbHbIX BULOB KpynHbIx Megateuthis, xapakTepu3yroulux Cpe] HI0} 
ropy Esponst. B sToM HeJIb3A He BHeTb CJeACTBHA WaJIbHehWero OOocoOeHH 
GopeasIbHOH MpOBHHIHH, Mle C Mo3sfHerO Oaloca, MO-BUAMMOMY, 3apoxwKaeTc 
HW 9HJeCMHUHaA AaMMOHHTOBaH cbayHa (Cronocephalites, Arctocephalites). Uto x 
KacaeTcad CHOupcKHx Megateuthis, To OHH, BePOATHO, ABJIAIOTCA mpeqKamMu) 
omucaHubix B. A. Tyctomecosppm (1) 43 ceBepHow uacTH PyccKoH paBHHHbl 
HyoKHekesoBelickux Megateuthis (Paramegateuthis) u Takxe HMeloT OprourHO- 
6OKOBHIe GOPO3AKH, JIYUIe BbIPAKeHHbIe YeEM CMHHHO-OOKOBbIe. OqnH BHA (Me- 
gateuthis aff. quinquesulcata Blainv.), Bo3MoxHO, ToxecTBeH «Mesoteuthis» 
baosicus A. Ivan. u3 6atioca [lopoukKbs, 6Opo3LKH B aNWKaJIbHOH yYacTH pocTpa 
KOTOpOrO, Kak yka3blBaeT A. H. Mpanopa (7), He CoxpaHHJIHcb. 

C no3qHeOaTcKoro BpeMeHH B BOCTOWHO-CHOMpCKHX MOPAX pacmpocTpaHaA-| 
joTcA Kpynubie Cylindroteuthis (aff. subextensa Nik.) u Pachyteuthis, Hatijex- 
Hbie Ha Anadape u JleHe pmecte c Arctocephalites u Inoceramus ex gr. retror-| 
sus Keys. CaeqyetT cuntatb, uro ApktTuyeckuit Oaccein (oT [penmangzuu Jo Cu- 
OUP BKJHOUMTEIbHO) HM ABMICA PpowHHON Cylindroteuthinae, B mo3qHe1opcKoe 
BpeMA 3aceJIMBUIMX Mops Esponst ux AmepuKu. B BocrouHoH Tpennanquu 
Cylindroteuthis aff. subextensa Nik. u Pachyteuthis aff. subrediviva Lem. 
yka3piBarotca JI. Cm3tom (4) yoke B H¥2KHeM OaTe (B coax c Cronocephalites). 


MucturyT reojoruHH H reopu3sHKH Tlocrynusio 
Cu6upckoro oTfeseHHA 27 Ht {96 
AkajlemuH HayK CCCP 


UHMTHPOBAHHAA JIMTEPATYPA 


‘B.A.Tyctomecos,l. A. Kprmroasbu, Hospie Buxb ApeBHuX pacTeHuH H 6ec- | 
nosBoHouHbIx CCCP, u. II, M., 1960. 27 A. H. ABauosa, Tp. Her. uucr., B. 137, JL., 
1959. 87. A. KpstmMroabu, Ataac pyKoBo_amux dopm ucKonaembix dayH CCCP, 8, 
M., 1947. 4L.F.S path, Medd. om Grénland, 87, Ne7 (1932). 5 E. Stolley,; 
20 Jahresber. des Niedersachs. geol. Vereins zu Hannover, 1927. 
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Jlokxxagn AkaxemMun Hayr CCCP 
1961. Tom 139, Ne 2 


MHHEPAJO‘H A 


JI. H. KOFAPKO 


O BECXJIOPHOM WIAMPEPHTE HE®EJIMHOBbIX CHEHHTOB 
JIOBOSEPCKOFG MACCHBA (KOJIBCKHHA MOJTYOCTPOB) 


(ITpedcmaeaeno axademuxom A. I]. Buxoepadoeoim 16 III 1961) 


J{o nactosmero BpeMeHH MHHepa UlalipepHT Obll H3BECTeH TOJIbKO B Ocafou- 
HbIX COJIEBbIX OTJIOMKCHHAX B ACCOMMANHH C THNMYHBIMA MMHeEpasiaMM BO HOTO 
MIPOHCXOwKeCHHA: TeHapAMTOM, [alisIOCCHTOM, THXHTOM, MHPCOHHTOM HM Op. 
OTOT MHHepas Obl oTKpEIT B. ©. Momarom (1) B kepHax rayOoKoro 6ypeHua 
COJIEBLIX OTMOMKEHHH 03. Cépyipc B KanudopHun. Ham xe yanoch O6Hapy*UTH 
WiaipepHT B COBePpIeHHO HHBIX 
ycuJIOBHAX — B MermMaTuTe H3 He- Ta6aunua t 
(beIHHOBLIX CHeHHTOB r. AvryaiB 
Jloposepckoro maccuBa (KoupcKnit 
MOJTyOCTpos) *. 


XUMHYECKHH COCcTaB WalHpepHToB 
(B mpoueHtax) 


Wait rs : 

Ulaiipeput setpeyaetca B BYE — Kownonenr | ua Jlonose- | HAIPSPMT MS | as nnonnas 
3epeH HM MX arperaToB HempaBMb- es cone 
HOH opp! oT 0,4 to 2cm AHamert- 

: : ea 37,2 Seti 37,50 
pom; WBeT MHHEepada OneqHO-rony K 0°06 O43 fs 
Goi, vepTa Oeaa, OueCK CTeEKAH- So, 52.08 50,04 52,47 
HbIi; MpO3pauHbii; cmalHOCTb 3a- FP 10,40 8,08 10,33 

posp I. 
MeyeHa He Oblia; MepeqnanibHon Cl 0,02 3,44 o— 
TpyOKOH Mpespamjaetca B Genyio [!poue s 1,55 si 
dapdopopuyyyro maccy. 

Ulatpeput ofHoocHbi, mos0- Cymma | 99,46 98 , 98 100 


*KUTeIbHbIM. [lokasaTeiH mpesiom- 
‘enna No =1,435, N, = 1,439. 

Munepas MOMHOCTDIO, XOTA HM MefvJIeHHO, pacTBopseTca B Bose. JaHHbIe 
XHMHUeCKOFO aHaIH3a OYeHb OIM3KH K TeOpeTHYeCKOMY COCTaBy JBOHHOM comu 
NaeSO,:NaF (Tada. 1). CnektTpabHbIM aHaJIM30M, [MpOH3BeeHHbIM B peHT- 
TeHOCHeKTpaJIbHOM MadopaTOpHH HalllerO MHCTUTyTa OOHApyxeHO TIpHcyTcT- 
Bue B OUCH HE3HAYHTeIbHBIX KOsMuecTBax Si, Al, Cu, Fe, Mg, Mn. Cpaspnenne 
XHMMYeCCKHX AaHaIH30B WapepHToB u3 JloBosepcKOroO MaCCHBa HM U3 COJIAHBIX 
OTJOKeHHH 03. Cépibc nNoKasbiBaeT HeKOTOpbie ux pasMunA. LlatpepuT us 
Kanucopuuu coxepxut 3,44% xmopa (1), B TO BpeMa” Kak B Walipepute us JIo- 
Bosepa xJiopa TombKo 0,02%. 

B weatAx [WarHoOcTHKH Walipeputa Oplia MpoBeyeHa ero CbeMKa METOJOM HO- 
PpOLWKOrpaMMbI B KPHCTaJOXxHMMYeCKOH WaOOpaTOpHu HalllerO HHCTHTyTa Nos 
pykosogctBom E. C. Maxapospa. PasMepbl MexKIJIOCKOCTHEIX paCCTOAHHH CBee- 
HbI B TaO. 2, B KOTOPOH [id CpaBHeHHA NPHBeReHbI LaHHble AA ACKyCCTBeH- 
Hou comm Na,SO,: NaF (?). 

Illaiipepur B JloposepcKom MaccuBe BCTpeyeH B aCCOMMalMH CO C/E yIOU,UMH 
MHHepasaMH: HedeMHOM, MOJeBbIM LMaTOM, 3THPHHOM, PaM3avToM, anaTHTOM, 
JaMMpOvHTOM HW BHJIHOMHTOM. OH BbIMIOJIHAeT MPOMEXKYTKH Mey SFHpH- 
HOM, He@eIMHOM HW NoseBbIM wnaToM. JIA WialipepHTa XapakTepHa TecHas ac- 
COUMalMA C BHJIJIMOMUTOM, OHH HepesKO OOpasyioT CpocTKH. 


* [[laiipepuT Obit O6HapyxKeH B KepHe CKBaxKHHbI, MpOOypeHHOW 9KcnemHHeH MunucrepcTBa 
“FeOJIOTHH H OxpaHbl Hegp CCCP. 
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Ta6Oauna 2 


MexnuocKkocTHble paccTOAHuA Walipepiita H HCKycCTBeHHOH Boo comm Na:SO,-NaF 


Iatipepur us Jloposepa eee Iaiipeput u3 Jlopo3sepa Bae bees se 
vf Joa | I d,A I d,A I joa I fhy os I dak 
8 4,43 2 0, 9904 8 4,29 7 4,44 5 0,8035 6 Lata iS} 
9 3,83 5: 0,9754 8 3,82 4 1,384 6 0,7968 8 4,462 
9 3,50 1 0 , 9624 8 3,47 4 aay 3 0,7896 6 4,432 
Seo), OF 5 0, 9526 LN 329 3 4,332 4 0,7844 2 1,384 
10 |} 3,04 5 0,9396 410) {25,99 2) Wyeulsil) 0,7815 4 4 ,ab4e) 
HO) |) As} 4 0,9295 “|| oti 2 io 7as1) | 0,7795 2 ihe) 
Om een oo 3 0,9187 1 OM EZEOo 2 4,264 2 1,314 
6 | 2,44] 2 | 0,9076 8 | 2,54] 2 14,247 2 | 1,265 
th WAS 7ael 2 0,8970 4 Dh bes 4 4,202 2 4.,244 
Saiz 16 3 0,8800 6 2,26 5 4,176 4 1 ASD 
S54) PAN0I53 5 0,8709 5 2,18 6 ea Raye 4 4,159 
6 4,95 4 0,8585 sy) ZARA 7 deLon 4 4,139 
6 4,90 ” 0,8534 Ye |) P08 ui AG 7 1,119 
pee 1,85 4 0,8479 6 4,95 7 4,106 7 4,106 
75> 14.80.17 4° 10,8380 6 14,88 5 14,085 4 | 4,085 
10 4,75 4 0,8449 2 4,84 6 4,070 6 12070 
3 1,68 6 0,8279 2 1,80 3 4,044 4 4,044 
ty 1 W(t) 5 0,8228 40 we 3 A032 2 1,034 
3 155 3 0,8175 2 ible if 1,020 2 1,020 | 
Tet bie 0,8130 6 | 1,63) 4 |41,003 5 1,003 | 
9 1-465) 5 0,8057 Tf AOS! . 


Haxomjlenne malipepuTa B MermMaTuTe HetesIMHOBbIX CHCHHTOB, Ip copmu- 
pOBaHHH KOTOPHIX BOfa Urpala oyeHb 3aMeTHyIO poulb (3), — upe3- 
BbIVaMHO MHTepecHoe ABIEHHE, TeM Oosee, UTO TOT MHHEpal PaCTBOPHM B Bose 
B OObITHbIX: ycuioBHaAX. K comasleHuio, Marpamma cocTtosaHua Na,SO,— NaF— 
H2O He u3yueHa. pH BbICOKUX TeMMepaTypax, T. €. B TeX YCJIOBUAX, MIpH KO- 
TOPLIX OOpa3oBavicd MUHepat. OMHaKko u3 paga padoT (*,°) cmeqyeT, 4TO CymbcaThl 
K u Na npu BbIcoKux TemmepaTypax HMeIOT OTPUWaTeIbHbIe KOSPPUNMeHTHI pac- 
TBopumocTH. [Ip TemnepaTypax, OM3KHX K KpHTM4eCKOH TemMepaType BOE, 
PaCTBOPpHMOCTb STHX COJIeH CTAHOBHTCA HHMYTORHOH B YCJIOBHAX aBueHui, 
OJIM3KMX K J\aBJICHHIO Mapa 4MCTOH BOAbI. KpuBad WaBseHuA Mapa HaCbILLeHHEIX 
pactsopos cyppatos K u Na npu BbIcOKMX TemMMepaTypax NOTH coBMayaeT 
C KPpHBOM aBJIeHHA Napa uncToH Bog (°). Ha puc. | npuBeqeHa KpHBaa pac- 
tsopumoctu Na,SO, B Bose IPH pa3sM4HbIX TemMepaTypax (B NpucyTcTBUM BOLA- 
Horo mapa (°)). M3 storo pucyHKa BUAHO, 4TO, HauMHaA c TemnepatyppI 241°, 
pacTsBopumocTb Na,SO, B Bose HeMpephIBHO MaaeT HC NpHOMKeHHeEM K KPUTH- 
4eCKOM TOUKe BOLI CTAHOBHTCA BeCbMa He3HAaUHTeIbHOH. Takum o6pa3om, B 
OTIM4He OT pAa coe, paCTBOPHMOCTb KOTOPHIX HeMpepbIBHO BOSpacTaeT C NO- 
BbINeHHeM TeMHepaTyppl, cucTema Na,SO, — HeO aBaserca cHcTemMou C. KPUTH- 
4YeCKUMH ABJICHAAMM B HaCbINLeHHbIxX pacTBopax (Tuma P — Q). B o6macTu BBICO- 
KUX TemilepaTyp (Bbilte 241°) pacTBopHMOcTb 3TOM CO/IM CTaHOBHTCA MpuMepHo 
paBHOH pacTBopHmocTu xBapia (°). OnpTter Mopu (’) noka3anu, uTO mpu 
Temmepatype 500° u qaBleHuAX BO<AHOrO Mapa BOT fo 1000 ar. pacrsopu- 
mocTb Na,SO, coctasset 0,43%. OrnocutenbHo NaF momxHO CKa3aTb TO Ke 
caMoe, XOTH pacTsopumocTb NaF 8B ycsIoBHAX BbICOKMX TeMMepaTyp M3y4eHa 
ropa3qo xyxe. Onttst Mopu u Ueuna (*) mokasaiu, uTo NaF mpu Tem- 
nepatypax 374, 400; 5004 600° qaxe mpw faBnenuax BogxaHoro mapa B 1000 ar. 
WipakTH4¥ecKH He pacTBopseTca, B oTmMuve oT NaCl, KoTopbiii B 9THX yCuJO- 
BHAX, HO JaHsbim Kusuuna (°)*, nomHoctpio pactsopum. Mrak, KoMNOHeHTHI, 
M3 KOTOPbIX COCTOUT MMHepadl WalipepuT, BHOIHe YCTOMHBbI IPH BLICOKAX TeM- 


= 

* Vi3 storo cnegyet, uro 3ameua F na Cl campo NOHMKaeT yCTOMUHBOCTS HaTpHeBO! com 
8 MpHCyTCTBUK BORAHOrO Napa. MoxerT ObITb, HMCHHO C STHM CBA3AHO OTCYTCTBHe xsOpa B mail- 
pepuite us JloBosepcKoro maccuBa. 
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nepaTypax B IpHCyTCTBHM BOAAHOTO Mapa. Her ocHopanuii AyMaTb, 4TO ABO- 
Has cob Na.SO,-NaF 6yyer pectu ce6s Ml0-HHOMY, TaK Kak e€ COCTaBJIAIOULHe 
He OOpa3yioT HOBbIX KOMIVJICKCOB B pacnaBe 4HCTOII Co- 

NM, a TeM Ooviee B BOMHEIX pacTBopax. Cyfa no map- 2/1002 440 

HOMY MaKCHMyMy Ha fMarpamme riapKoctu Na,SO,— 
NaF (7°), coequnenne Na,SO,-NaF nonuocraw uc- 
COMMMpOBAaHO B pactiiaBe (puc. 2). 

HcxofA 3 M3s10%KEHHOFO BBIINe, MOXKHO CUMTATb, 4TO 
MavpepuT, Tak %Ke Kak 4 BuMMOMHT (14), BNoHe ycToii- 
4B IIpH BLICOKUX TeMMepaTypax B IIpHCyTCTBHH BOAAHO- 
ro napa. TpyHO TOYHO ykKa3aTb BDpeMA BbIeieHuA 
STOFO MHHEpawa, ACHO TOJIbKO, YTO OH KPHCTAasM30BaJICA 
mo3qHee He*eMHAa, STHPHHA, MOeBoro wimatTa. On mor 
BBIJCATLCA H3 PaciwiaBa, CHbHO OGoralleHHoro HaT- 
[puem HM JeTyaMMH KOMMOHeHTaMH, Ha nocnenHux ctagu- ~ 9 100 200 300 °C 
AX KPHCTAJIM3aluA B YCOBUAX OTHOCHTeJIbHO BLICOKOrO ; 
MOTeHIMasa BOA. TO, 4TO B WlalipepuTe cepa HaxoguTcaA 
IB WECTHBaJICHTHOM COCTOAHMH, CBHJETeIbCTByeT O ero . 
KPHCTaIH3alluvw B YCJIOBHAX BBICOKOTO OKHCAMTebHOrO NmoTeHuHala. He 
HCKJIIOUCHO, YTO WalpepHT, Tak %Ke KaK H BHJIIMOMUT, OOPa30BbIBaJICA B JIOHL- 
Hylo cTayuio. C NOHWKeHHeM TemilepaTy- 
PbI STOT MUHepaul, TAK Ke KaK V BHVIIMO- 
MHT, OKa3bIBaJICA HeYCTOMUHBbIM A pac- 
TBOpsAICA. O6 JTOM TOBOPAT 4aCTO BCTpeda- 
IOWHeCH MYCTOTHI B NOposax (21aTOMMTE!), 
11l0-BHAMMOMY, ABJIAIONLMeCA CTpyKTypamu 
BbINLeaIHBaHWA STHX MHHepasos (!*).O6a 
3TH MMHepata — walipepuT A BHJINO- 
MUT — HeyCTOHYMBLI B THA POTePMaJIbHYy1O 
CTaHiO H MOTFIH COXPaHUTbCA TOJIbKO B 
MeCTaX, He NlO,BepraBUIHXCA HH3SKOTeMHe- 
paTypHoMy Tr¥vfpoTepMasIbHOMy MeTaMmop- 
(busy. 

Iatipeput xe u3 KanucdopHun o6pa- 
3OBBIBAJICA B COBepIIeCHHO MHBIX YCJIOBH- 
AX; OH KDpHCTamM30BasICA U3 BOLHOM 
cuctempt Na,SO, — NaF — NaCl — 
H,O (?°) np HH38KMx TemMepaTypax B pe3sy/IbTaTe HCMapeHUA BOLE. 

B 3aks1oueHHe CTATbH aBTOp BbIpamkaeT OnarogapHocTb B. HM. Tepacumos- 
CKOMY 34a IleHHbIe COBCTbI H MOCTOAHHOe BHHMAaHKe K paoore. 


190, 
— 
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MucTuTyT reoxXuMHH H aHaluTH4eCKOM XHMHU Tocrynuio 
um. B. MW. BepxagcKoro 13 IIT 1961 
AkazemHu Hayk CCCP 


UWHTMPOBAHHAA JIMTEPAT YPA 


1 W.F.Foshag, Am. mineralogist, 1931. *% B.U.Muxees, Pentrenomerpnuecknii 
onpefeiuTeib MHHepanos, M., 1957. *° K. A, Boacos, M. B. Ky3pmeuko, E.M. 
Ecpbkosa, JloposepcKnit menounbiii maccus, W3g. AH CCCP,1959. * W.C.Schroe- 
der,A,Gabriel, E. P. Partridge, J. Am. Chem. Soc., 57, Ne 9 (1935). ® H.S. Bo- 
oth, R.M. Bidwell, J. Am. Chem. Soc., 72, Ne 6 (1950). © M. HW. Pasuu4, Tp. Uer- 
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S. M. Hessel gesser, Econ. Geol., 46, Ne 8 (1951). § GW. Morey, W.T. Chen, 
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Jloxaagnun Axkanwemun Hayk CCCP 
1961. Tom 139, Ne 2 


METPOlPA®HA 


5. M. BJIAQMMHPOB x B. H. 3HAMEPOBCKMH 
KUMBEPJINTOBAS TPYBKA HA FOE CHBHPCKOM MJIAT®OPMbI 


(ITpedcmaeaeno axademuxom JI. H. Wlep6axoeum 17 IV 1961) 


JIlerom 1959 r. B mpegeiax 1oxKHOH OKpaHHb! Cu6upckol naTpopMbl Hamu 
Oba OGHapy2xKeHa TpyOKa BSPbIBAa, BbINOJIHEHHAA CJIOAHOH KUMOepJIHTOBOH 
6pekynelH. DakT HaXOAKN 3eCb KMMOePJINTOB UMeeT OONbIIOe MpakTHyecKoe 
3HayeHHe WH, BHJHMO, KJlayeT KOHEI MHOFOJIeTHHM CiOpaM OO HCTOUHHKAX aJIMa- 
30B B YeTBEPTHYHbIX HW IOPCKHX (?) OTMO%*KeHHAX lora CuOupcKo mMaTdopMbt, 
CKJOHAA “aly BECOB B NOb3y runoTesbl M. M. Oqnuuosa (*), HacTaHBaBlero 
Ha TOMCKaX KHMOepJINTOB 3fecb c 1955 r. 

Tpy6xa «IOxkHaxa» pacnoiomeHa Ha sieBom Oepery p. Beno Sump, B 2 kM 
HHKe ee HCTOKAa. BMenlatoujve NOposbl NpesAcTaBJeHb! WOKEMOpHHCKHMH (pHJIJIH- 
TOBHHbIMH CJlaHijaMu WH TecuaHuKamu. IlocseqHve ca60o MeTaMOpdH30BaHbI U 
CMATHI B CKa_KH. B 8—10 km 1oro-3anayqHee KUMOepJIHTOBOH TpyOKH wMeeT 
MeCTO PerHOHA@JIbHbIM pa3JIOM CeBepO-3anaqHoro MpocTHpaHuA. 30Ha pa3sJOMOB 
9TOFO M1aHa KOHTPOJIMpyeT B PaHOHe PasBHUTHE MIeJIOUHbIX (HedeIMHOBbIe CHEHH - 
Th, HHOJIMTbI, M@JIbTCHTHTbI) H YJIbTPaOCHOBHEIX (MHKPHTOBLIe MOpupurTut, 
aJIbHEUTHI) NOpPO. ; 

[lo mpeqBapuTeJIbHbIM JaHHbIM, TpyOKa HMeeT POPMY OBaJIa, AJIHHHaA OCb 
KoTOporo paBHa 300 M, a KopoTKax 270 mM. BumowHaionlMi ee MaTepHan mpen- 
CTaBJIeH FpyOooOJOMO“HOH OpekyHeH, COCTOAMIeH CYIJeCTBeEHHO H3 BMeLLaloOulHx 
nNopod H pexke POrOBHKOB, CJIOAAHbIX CJlaHWeB, 1Ha6a30B H NHKpHTOB. M3 mu- 
HepajloB B OpeKYHM BCTPeualoTCA JOBOJIbHO KPYMUbIe€ KPHCTAaJWIbI CNOMbI HM Mar- 
HeTHTa. BuyTpH TpyOKH, B ee 1OXKHOM HM CeBepO-3amaHOM y4acTKaXx, HMeIOTCA 
Ba cTolOa, CIOXKEHHLIX CMIOAAHOH KHMOepJIMTOBOK OpeKyueH. O6a cTo6a 
MMeIOT OKpyrvible OvepTaHHA B vane. Bowbwak WHameTp ioxwKHOTO cTONIOa pa- — 
BeH 40 M, a ceBepo-3anagqHoro 100 m. 

Makpockonuueck CuOoAHad KUMOepsUTOBaA OpekuHA UMeeT rosyO6oBaTO- 
cepbid WBeT MH OpeKuneByio TeKcTypy. CocTonT OHa H3 OOJOMKOB NOpod HW MUHe- 
paslOB, CIYEMCHTHPOBAaHHbIX CJIOJAHbIM KMMOepJIHTOM. 

Cpequ OOJIOMKOB HOpo OTMeuaIOTCA BCEBO3MOXKHbIE CJaHUbl, POTOBHKH, 
C€PNeHTHHUTHI, CJMOLMCTO-CepneHTHHOBbIe MOPObI, [HaGa3bl, CHEHHTHI, MMPOKce- 
HHTbI, OPOrOBHKOBaHHble NeCuaHHKH, KBapWHTbI H CYWIECTBeEHHO KapOoHaTHble 
nopoybl. M3 mMunepasos cpeyqu OGIOMOUHOrO MaTepHasia BCTpeyaloTcsA MarHeTHT, 
MOHOKJIMHHbIe THPOKCeHbI H POroBble OOMAHKH. 

Coyepxkanne O6OMONHOFO MaTepHasa KoMeOeTCH B OTAEbHbIX OOpasiax 
oT 5 go 30%. Pasmepbt OOIOMKOB BapbUPyIOT OT HECKOJIbKHX MMJIJIMMETPOB JO 
20 cm. Caasyiouyuii O6OMKH Mopoy, HM MHHepaJOB KHMOepJIMT UMeeT ABHO MOp- 
(bupoByto crpyktTypy. Cpeqn BkpanmeHHuKOB mpeoblaqaeT TeEMHO-KOpHUHeBad 
COA WH CePpNeHTHHH3HPOBaHHbI OJHBUH. JLOBOJIbHO 4YacTO OTMeYAIOTCA 4ep- 
Hb MH. POutyOoBaTHI MarHeTHT, APKO-3eseHbI XPOMAMOMCHA M pexe aBrur. 

OcHoBHan Macca cocTonT u3 arperaTa cepneHTHHa M KapOonaTa, MponHTan- 
HbIX KPHINTOMHKPOCKONMYeCCKHMH BbINeICHHAMH PYHbIX MUHepasoB. M3 Apy- 
THX MHHEpaJlOB OTMEYEHbI XPOMHT, HJIbMeHHT, PO3OBbIM HM KpacHo-6ypbiii rpanaT 
c iV = 1,780, anaruT, nepoBckHT, nmMpHuT, WupKOH. 
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IIpu usyyeHuu CO,AHOTO KUMOepJMTAa NO MHKPOCKONOM yCTaHaBJIMBaeTCa, 
4TO (CHOKPHCTANbI COLE, CepleHTHHH3MPOBaHHOrO OJIMBHHa HM XPOMMON- 
cua NOrpy2KeHbI B OCHOBHYIO MHKPOJIHTOBYIO MaCCy, COCTOALLYIO H3 3THX Ke 
MHHepaJioB, B CHJIbHOH CTeMeHH CepleHTHHH3HPOBaHHbIX MH KapOOHaTH3Hpo- 
BaHHbIx. Bce STO CileMeHTHpOBaHO arperaTOM ceprleHTHHa HM KapOonata. Ha 
WOO PeHOKPHCTAaJIOB MpHuxogutca 40% OObeMa NOPOAbI, a Ha JOJO OCHOBHOIi 
maccpr 60%. 

Coa ABJIseTCH HaH6o/lee pacnpocTpaHeHHbIM MMHeEpaioM NMopoyb. Ouxua 
3aHumaeT 15—18% ee o6mero o6bema u 34—40% oGbema Bcex ceHOKpUcTau- 
JioB. Pasmepbi ee u3MensoTcs oT 0,2 20 40 MM, HO HaHOouIee uacTo BCTpeyaIoTcs 
KpHcTaiibl pasmepom 1,0—1,5 mm. Tloq muxkpocKonom cuo0qa uMeeT Oyppiii 
juset no V, u xenTOBAaTO-6ypbiii u HHOra GecuBeTHHI m0 Ny. JoBosbHO uacTO 
BCTPe4aloTCad 30HAIbHbIe KPUCTAaWIbI, B KOTOPbIX Apa HMEIOT JLBYMpeJIOMJeHHe, 
pasHoe 0,045, a kpaa 0,050. OgnaKo BeTpeyaeTca u OOpaTHaH 30HabHOCTD. 
Jlannpit daxt oTmeuasca I]. A. Barnepom ya cyog “3 KuMOepsuTOB IO>xKHOL 
Agpuku. Cyaa no yriiy onTuueckux oceii, papHomy 10°, u noKa3aTemo mpe- 
JIOMJICHHA iN = 1,618, MuHepan mMoxeT ObITb OTHECeH K (oronuTy. Xapak- 


TepHOH OCOOeHHOCTHIO OOJIBINHHCTBA KPHCTAJJIOB ABJAIOTCA APKO BbIPaxKeHHbIe 
clleqbl WemopMaunn. Kak mpaBHJlo, yAJIMHeHHbIe IpH3MaTHYeCcKHe 3epHa H30- 
FHYTHI, a KOHIbI HX pacuseneHb. JleopMalua BJIMAeT Ha ONTHYeCKHEe CBOMCTBA 
MHHepaia: B yyacTKax NMeperHOoB NOABJIAeTCA BOJIHHCTOe HOracaHve HW YMeHb- 
waeTcd BeIMUHHAa ABynpesoMeHHA. BeM4Huna JBYMpeJIOMJIeHHA YMeHbIUaeTca 
M Mp runepreHHOM pa3JiOxKeHHU CJIOLI. 

@MloronuT 3aHHMaeT 3HAYHTeIbHbIT OObEM H Cpe OCHOBHOH MaCCbI NOposbl 
(no 10%). 3gecb KpHCTaJJIbI HMEIOT XOPOLO OrpaHeHHble (OPMbI H OYeHb MeIKHe 
pasmeppi (0,01—0,001 mm), mpu 9TOM OHH B CHJIbHOM CTeMeHH 3aMeUIeHbI KaJb- 
IMTOM HM PYJHbIMH MHHepasiamu. B HeKOTOpbIX y4acTKax HaOosaeTca cyOna- 
pasebHOe pacnoowKeHHe MeJIKHX JlelicToueK (pOronutTa. 

HM3MeHeHHbIi OJMBHH 3aHHMaeT 14—16% oOG6bema NOposbl HM OOpasyeT Kak 
@eHOKPHCTaJVIbI, TAK HW MeJIKUe KPHCTAIHKH B OCHOBHOH Macce. Pa3smepbi (eHo- 
KpHcTaJ0B JocTuraroT 10 mM, a MuKpovHToB 0,3 MM. CrpoeHve mceBsomMopdo3 
OYHb HaMOMMHaeT TaKOBOe B AKYTCKUX KUMGepsuTax: 80—90% cJIOx%KeHO BoO- 
JIOKHMCTHIM MH MWacTHHYaTHIM CepneHTHHom, 1O—15% KaubuutTom Hu 0,2—1,0% — 
MarHeTHTOM. OObINHO JVJIMHHbIe BOJIOKHAa CepleHTHHA pas6uBaIOT 3e€PpHO B BHIE 
Ce€TKH Ha OOJIbIIOe KOJIMYeECTBO KJIETOK, KOTOPbl€ BHYTPH BbINOJIHEHbI I1JIaCTHH- 
YaTbIM CEPMeHTHHOM, 3aMelLalOuMHMCH B HEKOTOPbIX CJ1Y4aAxX KaJIbIHTOM HM Mar- 
‘HeTHTOM. B wince cepneHTHH COBeplIeHHO Npo3payeH WIM YyTb XeVJITOBAT, 
oOayaeT HH3KHM JBYNPeyJIOMJeHHeM H TOKa3aTeJieM TIPeJIOMJI@HHA, PaBHbIM 
1,650. 

IImpokcenbl peqKo oOpa3yioT KpynHbie PeHOKPHCTAIbI, OHH Yale MpH- 
CYTCTBYIOT B OCHOBHOM macce B Bue MeKUX (0,01—0,2 mm) mpusmouex. OOuzee 
coyepxKaHHe UX B MOpose KoseGbuietcx oT 8 No 12%. Kpynuble KpucTasIbl TH- 
POKCEHOB 4aCTO HMEIOT 3aKPYIJIeHHble OYePTAHHA HW OKPYyXeHbI KeJIMMHTOBOH 
Kalimoi. [locueqHad HenomApHsyeT WIM ToOApHsyeT cla6o. Mvorga MowKHO 
HaGs0aTb, UTO MATePHasI KACMKH COCTONT H3 arperaTa KapOOHATOB CJIOAMCTHIX 
M PYAHbIX MHHEpavioB. Cpequ pyAHbIX MHHepaJIOB BELYULaA POJb MPHHALMexKUT, 
TI0-BHAMMOMY, HIbMeHUTY HM MepOBCKHTY, MOCKOJIbKY KeJIMUTOBbIE KaeMKU 
JelikOKceHHsupoBaHE!. IloqoOHoe amopdHoe JeHKOKCeHM3KPOBaHHOe BeLleCTBO 
B 3HaUHTEJIbHbIX KOJIMUeCTBaX BCTpeuaeTCH H Cpe OCHOBHOM MaCCbI NOpOAbt. 


Cy no yray ontuyecknx ocelt (2V = 66—70°), ABynpesomMseHHI0 (N, aN ae 


= 0 022—0,030), wu moka3aTemo mpeJOMJeHHs (N= 1,702—1,710) uactTb 


MHPOKCeHOB OTHOCHTCH K aBrHTy M YaCTb K JMONCHAY. 

XpPOMAHONCHALI MpHCyTCTBYIOT B NMopose yale Kak KpynHbie (0 I cm) 
BKpanveHHHku. Onn oOlaaioT APKO-3eJIeHbIM I[BeETOM H XOPOWieH MHHAaKOH- 
(aibHOK cnalvocTbio. OntTuyecKHe CBOMCTBa HX AaHaJIOrHYHbI HE XPoMcosep- 
>KauluM JMoncuyam. KonuuecTBeHHbI CHeKTPaJIbHbIM aHaJIH3, BbINOJIHeHHBIM 
A.W. Uepnenxo, noKkaspipaer, yTO coqep»KaHHe Cr.O, B AUX KoseOuleTCA OT 1,36 
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mo 1,5%. Kpome Toro, B ux cocTaBe mpucyterByeT Na,O (x0 2%). Tlocnequnti 
BXOJHT, BHHMO, B COCTAB %KaeHTOBOTO KOMMOHEHTA, 4YTO XapaKTePHO JWIA 
KHMOePpJHTOBLIX xpommuoncugzoB IOxHoH Adpuxu (*). 

MarueTuT mpucyTcTByeT B Topoge Kak B GopmMe KPyMHbIX KPHCTas0B, 
TaK MU B (opme OGJOMKOB M MbVICBHHbIX BbIeeHHH CpeH OCHOBHOM Maccbl. 
Kp ynuble O6JIOMKM MH KPHCTaJIbI LOcTuraioT pasmepos 1,5 cm u Mo WBeTy pasye- 
JiMioTCA Ha “epHbie HW rowyOoBaTble pasHocTH. BemlecTBeHHbIH CocTaB MarHe- 
THTOB elle He aHaJIM3HpoBaH. B OObeEMHOM OTHOLeHHH Ha JOJO MarHETHTAa IIpH- 
xowutTca 3—5%. 

Porosrle OOMaHKH BCTpeyaIOTCA PeKUMHM 3epHamMH, OOJaaioulHMH CpaBHH- 
TCJIbHO OOJIbIUMMH pasmepamy (70 3 mM). IlBeT MHHepasa 3eNeHOBaTO-OypbIi. | 
Cxema agcop6uuu: Ng 3eneHoBatTo-6ypbili, NV, xKeITOBaTO-seeHbIi, 2V = 6—8°. 
UYUacto poropble OOMaHKH BKJIOUaIOT KPHCTAJWIbI MMPOKCeHOB, allaTHTa, KaJIb- 
uuTa MH daoronuta. Bokpyr poroBbix OOMaHOK, KaK M BOKPyr MHPOKCeHoB, 
HaGJOLaroTCA KeJIMUTOBLIC KaMMbI. 

AnaTuT BcTpeuaeTcA B TOpose B 3HAUHTeJIbHBIX KOMMYeCTBax — flo 10%. 
Ou 6pbIBaeT BKJIIOUCHHBIM B HHPOKCeHaX, POTOBbIX OOMAHKAX HV B OCHOBHOH Macce. 

VnbMeHuMT BCTpeuaeTCA KaK aKIeCCOpHbl MHHeEpas HM OOpasyeT MewKHE 
KPHCTaJJIbl Cpe OCHOBHOM MA€CcCcHI. 

Cpapnenne meTporpaduyeckux ocoCeHHOCTeH MH MHHepaJIbHOrO COCTaBa CJIIO- 
JAHOH KUMOepsuTOBOH OpeKuHH 43 TpyOKu «IO*KHOK» Cc KuMOepsHTaMH Apyrux 
paHOHOB MOKa3bIBaeT, YTO JOBOJIbHO O/IM3KHe aHaJsIOrH ee UMeIOTCA B IO*KHOK 
Adpuke — Bum6gou (*); B CepepHoi Amepuke — oxpyr Kextykku, wtaT 
Horo-Mopx (4), pywuuk ApKausac (B. C. Co6ones), Kpe6ex (5). 

XapakTepHOH OCOO€HHOCTbIO KHMOepJIHTOB STHX paHOHOB, TaK %Ke Kak UH 
CJHOLAHOH KUMOepJIHTOBOH OpekunH u3 TpyOKH «IO wKHaA», ABJIAeCTCA MpakTH- 
yeckoe OTCYTCTBHe NHpoNna WH HeSHAUHTeJIbHOe cosepKaHve WJIbMeHUuTa. KuM- 
OepJHTbI, B KOTOPHIX NHPOM MpakTHYeCKH OTCYTCTBYeT, JOBOJIbHO 4aCTO BCTPe- 
yaoTca HB AKkyTuu (TpyOKu «Mosogzexuaa», «AspomarHutTHan», «[lomapHan», 
«DecTuBaIbHaa», «AkyTcKaa», «AspocbemouHaa», «Becenaa», «Mckopka»). 

Ouenb 61M30K K KuMGepuIuTy TpyOKH «IOxKHaN» CJIORAHOH KUMOepJUT TpyOKH 
«3arajouHaa» H3 AkytckoH ACCP (*). Otauune 3aKsiouaeTCA B TOM, 4TO B M0- 
culeqHeH eCTb MHpon. 


TaOaunal 


XuMUYeCKHH cocTaB cIOAAHOH KuMOepauToBOH OpekunHH TpyOKu «IOxHOM» HM KUMOepAHTOB 
CepepHot Amepuku, Konro u AKxytun 


Oxucen Noi Ne 2 Ne 3 Ne 4 | Ne 5 | No 6 
SiO3 34,18 26 , 34 29,78 29,45 31,70 22,86 
TiO, 3,38 1,410 0,12 0,81 0,60 2,98 
Al,O3 4,98 Tp tO Uli 8,92 4,04 3,78 
Fe,03 D500 8,55 4,24 4,58 4,64 4,79 
FeO 6,68 4,66 th WA onl Dae Doe 
MnO 0,16 0,28 0,03 0,04 — 0,17 
MgO 18,09 16,67 1GRod 13,65 16,63 14,58 
ron 9,68 19,07 17,86 17,43 18,83 22,24 

ap! Pall 0,16 0,33 
K:0 2704 198} 1,49} 1,13} 0,10 | 4759 
H,0 0,28 0,22 0,10 0,85 — 1,65 
jE ih, Take Doors) NO) 5) 2,46 1,48 20,80 3,42 
Cr2O3 0,20 0,14 0,09 0,10 — 0,06 
CO 4A, ills; 3,10 T35ou 42,714 | we onp. | 14,84 
S He op. | He onp. LETT 7,94 | He omp. | He onp. — 
P,05 0,44 | we onp. | ne onp. | we omp. | He onp. 4532 
21 co aha shee ee 100,47 | 100,07 | 99,58 | 100,26 | 99,59 | 99,86 


Wpumeyauue. Nei — cntoqauaa KumMOepmuToBaa 6pekuua “3 TpyOKu «<lOxnol», 1959 r., aHanH- 
Tuk T. A. Jlaxno; Ne 2—cm0fnnaa KuMOepauToBan Gpekuua U3 TpyOKu «lOxuoli», 1959 r., aHanHTHK 
T. A. JlaxHo; Ne 3 — cntogsHoli KHMOepwuT 43 TpyOKu «SaranouHad», Akxytua, mo (1); No 4—KkumOepuur us 
TpyOku «JJlenuurpaycKan», Axytua, no (7); Ne5—kumOepunut, Kounro, Bymumae, no (*); Ne 6 — cui0qnHot 

kuMOepsHT, KBeGex (CepepHaa Amepuka), m0 (5), 
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Xumuyeckuit coctas cO_AHOli KuMGepsuTOBOH OpeKunu TpyOKu «tOxxHOL» 
TakxKe OOHAPyKUBAeT CoOJIbUIOe CXOJCTBO C KUMOEPMMTAMH U3 NepedHCJeHHPIX 
pple palionos (Tad. 1). 


BoctouwHo-Cu6upcKul reosorwuecKHit HHCTHTYT Tloctynusio 
Cu6upcKoro oTfetenua Akajemun HayK CCCP 28 1 1960 


IMTMPOBAHHAS. JIATEPATYPA 


1A. 1. Bo6Opuesuy, HA. Kypsiaesa, Tp. AkyTcK. dun. AH CCCP, cOopx., 
4 (1959). ? JI. Kaou, Teonorns Bempruiicxoro Konro, WI, 1958. ° M.M.OazuHtno’s, 
Tp. Boct.-Cu6. gun. CO AH CCCP, B. 14, cep. reon., Upxytcx, 1958.4 P. A. Wagner, 
‘The Diamond Fields of Southern Africa, Transvaal, Leader, Johannesburg, 1914. ® K.jD. 
Watson, Am. Min., 40, 7 (1955); 
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Jloxnaaygn AkagzemMun Hayr CCCP 
1961. Tom 139, Ne 2 


ITETPOTPA®H A 


B. A. 3ABEJIMH 


HCCJIEROBAHME ONAJIOB WH ONAJICOAMEPSKALIHX MNGPO 
AJCOPBILHOHHO-CTPYKTYPHbIM METOJIOM 


(ITpedcmaeaeno axademuxom H. M. Cmpaxoeoim 17 IIT 1961) 


M3yyenne onascosepxKallux Nopok npescTaBiaeT akTyaJibHylo 3afauy BBH- 
JY BO3MOXKHOCTH WIHPOKO"O HCMOJIb3OBaHHA HX B MPOMbILIJICHHOCTH H CTPOHTEeWIb- 
HOH mpakTuke. HegocTaTouHad M3yYeHHOCTbh yKa3aHHbIX NOpok oOycuoBseHa 
OTYACTH HEOCTATOUHOCTHIO CTapbIX MeTOJOB TreOxXHMMYeCKOrO HCCeLOBaHHA, 
IIPHMCHAeMBIX JIA H3yyeHHA nopog. B cBa3H c STHM MpescTaBsAeT HHTepec 
UCHOJIb30BaTb JIA XaApaKTePHCTHKH MOPOA COBPeMeHHbIe MeTOAbI PUSHKO-XHMH- 
yeCKOrO HCCJI€OBAHHA, B YACTHOCTH AaCOpOWMOHHO-CTPYKTYPHbI MeTO HCCuJIe- 
JOBaHHA MOPHCTHIX Te] NO H30TepMaM CopO6uNH Mapos ('). BMecte c Tem cpaBHe- 
HHe CTPyKTyp OMaJIOBLIX MOpO H HX HCKYCCTBeCHHBIX aHaJOrOB — CHJIMKaresen 
M CHJIMKaaJliOMOrewleH, WIMpOKO H3y4aeMbIX B HAaCTOMUee BPeEMA aCOPOMMOHHO- 
CTPYKTYPHbIM MeTOJOM,— MOXeT OTKPbITh WHPOKHe BO3MOXKHOCTH B H3yYeHHH 
reHesHca ONaJIOBbIX MOpos. 

B HacTosie paOoTe NpHBOLATCA pe3YJIbTATbI HCCeAOBaHHA ONAaJIOB UH pa3- 
JIMYHBIX THMOB OMaICOMepR auUlUX NOPO C NOMOWIbIO YKa3aHHO"o MeTOLA. 

KamMeHHbId MaTepHad, HMeBUIMHCA B pacnops»KeHHH aBTopa, B OCHOBHOM 
IIpeCTaBJIeH OMOKAaMH, JMaTOMUTAaMH MU TpenesaMu 43 MecTopoxKseHuH CpeyHero 
uw Hmxuero Tlopomxpsa. Jia cpaBHeHus ObWwIH B3ATbI Tpemes HM omoKa 3uKeeB- 
ckoro MecTopoxKjeHua BpsHcKol o61acTH, ONaJIbI KOPbI BbIBeETPHBaHHA LOxHOrO 
Ypana uw SakapnaTba, a TakxKe TEXHWYeCKHe MPOLYKTLI — CHJIMKAareM HECKOJb- 
KHX MapoOK. 

HismepeHve H30TepM MpOBOAHMOCb Ha BaKYYMHOH CopOuHOHHOH ycTaHOBKe 
c 4 KBapleBbIMH NIpyXHHHbIMH BecaMH. UyBCTBHTeJIbHOCTb BeECOB COCTaBJAUIa 
2:10°°—5-10°-8 r. [na uccneqopanusa 6panuch HaBeckH OOpa3ioB B 5SO—100 mr. 
UccneqoBasacb CcopO6Uua mapoB BOLI u 6eH30s1a. M3mepeHue u30TepM MpoBOyH- 
JIOCb HECKOJIBKO pa3 OT rayOoKoro BakyyMa JO JaBJICHHA HACbILIeHHbIX NapoB 
(p;) H OOpatuo. M30Tepmpl copOmuuu CTpOMIKCb B KOOpAMHaTaXx: BeHUHHA cop6- 
IMM B MMOJI/r — OTHOCHTeJIbHOe JaBseHHe NapoB p/ps. 

M30repmbl cop61Hu Mapos uMewoT S-oO6pasHyio dopMy, XapakTepHYIO 1A Cop- 
OeHTOB, B KOTOPEIX COPOMNA COMPOBOALaeTCA KAalNUJAPHOU KOHAeHCAalMeH NapoB 
B Me@JIb¥aiuux nopax Tea. Ilo oOuemy xapaKTepy M30TepMbI COPpOUHN NapoB 
AMOBOJIbHO CXOJHBI y CBETJIbIX ONOK, TpeMeNOB, AHATOMUTOB HW KPYyMHOMOPHCTHIX 
cusukareneH. J[it HAX XapakTepeH JOBOJIbHO KPpyTOH MosbeM alcopOuHOHHOH 
BeETBH H30TEPMbI B OGJACTH MaJIbIX OTHOCHTEJIbHLIX JaBleHu (70 0,1—0,15), 
NepexOAAMMH 3aTeM B MOUTH MPAMOJIMHeHHbIM y4acTOK NOJIMMOJIeKyJApHOH 
aCOpOWHu, 3aBepllarouluiicA B OOMACTH BbICOKHX OTHOCHTeJIbHbIX JaBseHHi 
(c 0,65—0,7) HoBbIM pe3K¥M NOJbeMOM, BbISbIBACMBIM KanuJJIApHOH KOHJeHCa- 
uneH. J[s u3so0TepM Bcex OOpasiloB, KpoMe JMaTOMHTOB, XapaKkTepHa IUMpoKast 
Meta COpOuMOHHOro ructepesuca. M30Tepmbl H3y4eHHLIX HATOMHMTOB rucTepe- 
3HCa ipakTHyeCKH He OOHAPyKUBAaIOT. 

Y OouIbIIMHCTBa OMaJIOB, KaK MU OOPasllOB MeJIKONOPUCTOFO CHIMKaresA, mpo- 
Wecc KanWJWJIAPHOM KOHJeHCallMM HaynHaeTca pH Oomee HHSKUX OTHOCHTeJb- 
HbIX JaBJICHHAX MU MpPpaKTHYeCKH 3aBepillaeTcA 3aoTO TO HacbileHHA. ITO CBH- 
AeTeIbCTBYeT O HaJIMYMH B OOPa3silax TPeHMYIeCTBeEHHO MHKporop, KalH- 
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| JAPHaA KOHJeCHCAIMA B KOTOPbIX MPOHCXOJUT yxKe NpH HA3SKUX OTHOCHTeCJIbHbIX 


qaBieHuax. Uckmouenne coctapaset o6pasen, onana Ne 20, umeroumit, n0-By- 
‘AMMoMy, Ooslee KPyMHble NOpbl, BXOJbI B KOTOPble OCYLIeECTBIAIOTCA yepe3 


‘ROBOJIBHO y3kve meu. Ha Taxyio dopmy Nop yKa3pipaer ypesBEyaiiHo WMpoKan 


MeTAA COPOMMOHHOTO TucTepesuca, BECbMa XapaKTepHas JIA TAKUX «OYTHIIKO- 
oOpa3HbIx» op. 


Ha HasMune OoubUOrO KO/MYeCTBA MUKPONOP B UCCeOBaHHBIX O6pasilax 


ae 4 acai COpOlHH NapoB TeMHbIMH MOTHBIMH ONOKaMH (OOpasiibl 
NeoNe 7 u 8). 


XapakTepHble AIA KaxKLOFO THA NOPOA U30TEPMbI COPOILH MapoB BOALI MpH- 
BeleHb! Ha pu. |. 


TaOauna 1 


rl Y qebH x Y jesbu 
HOTMOCTE, | Oomem Red wopepx- 
r/em cM3/r Q . | Hocrh, M?/r 
oe 
: ° 
, Tlopoga Mecto B3ATHA Mpobwi iss | ae 
Se I 2 - ° 38 5 
3 oe em el eh eS NO Rola lapel aye 
: | 5 |ss| ss] 8s | 5 | & 
a x FS Be | se] DS g Nes 
1} Onoxa (No121)* Ox iy oleae CramuurpagcKol| 1,13 | 2,323] 0,268) 0,18 42, 95 95 
o6u. ; 
2 | Onoka (Noe84)* c. 3onoToe CapatToscKoii 062. 4,35 | 2,384} 0,082) 0,23 28 415 45 
3 | OnoKa (Ne27)* r. Bompex CapatoscKkoii 06.1. 1,11 | 2,333) 0,150) 0,32 32 100 — 
4] Onoxa (No108)* r. Capatos 4,35 | 2,369} 0,100] 0,22 22 80 60 
5 | Onoxka (Ne11)* ct. Ipusonpekaa CaparoscKoii 1,29 | 2,399] 0,098) 0,26 24 80 60 
oon. 
6 | OnoKxa r. Capatos, Jlbican ropa 4,19} 2,239) 0,227] 0,17 33 105 - 
7| UepHaa onoKka r. Capatoso, OxTa6ppcKoe yujesbe| 1,82 | 2,217] 0,057] 0,04 23 80 — 
8 | TemHo-cepaa onoKka | r. CapaToso, Jlbicaa ropa 1,75 | 2,254] 0,064) 0,06 14 125 — 
9 | OnoKxa To %e (MepHdepuy. uactb, Ne 8)} 1,07] 2,288} 0,142) 0,36 28) 110 — 
10 | Onoxa r. Capatos 1,26 | 2,341] 0,202) 0,16 33 95 95 
11 | Onoxa c. 3ukeepo Bpsuckoli 06m. 1,14] 2,227) 0,160} 0,27 29 115 _ 
12 | Cnounroaut (onoka) | r. Cepadumosuy CranunrpagcKon] 1,20] 2,324) 0,214] 0,19 32 130 | 445 
oon. 
13 | Tpenex c. Mecuanka CapatoscKolt 06.1. 1,06 | 2,276] 0,082) 0,42 — 90 55 
14| Tpenex 1,04 } 2,300] 0,120} 0,51 — 405 50 
15 | Tpenen c. 3uKkeespo Bpsuckoli 06. 0,99 | 2,302] 0,164} 0,44 — 125 130 
°16) uaromutr r. Cexruneli YsapbaHOBCKOH OO. 0,73 | 2,180) 0,037) 0,87 — 70 30 
17 | uatromut er. Banameiika Kyt6OpimescKol 0,91 | 2,298} 0,049) 0,62 — 90 40 
, o6a. : 
18 | uatomur cr. Bappim Y abaAHOBCKOH O60. 0,91 | 2,313) 0,039) 0,63 — 75 — 
19) Jiuatomur r. Husa YabxaHOBCKOH OO. 0,67 | 2,175} 0,036} 0,99 -- 70 ~ 
20 | Onan lOxubllt Ypan, cepepHee r. OpcKa] 1,75 | 2,149) — | 0,04 — 18 20 
24 | Onan 2,15 | 2,270} 0,006} 0,02 12 40 15 
22 | Onan : 4,99 | 2,090) 0,004) 0,02 13 i — 
23 | Onan 2,13 | 2,280) 0,007| 0,02 13 60 -- 
* 24) Onan : Patou r. Mykaueso 3akapnat- 2,04 | 2,186] 0,007} 0,02 13 60 = 
ckoH o6.. 
25 | CumuKkaremb KCK 0,83 | 2,150) 0,727! 0,03 51 135 = 
26 | Cunukarenb KCM-I 1,69 | 1,858] 0,027) 0,02 12 500 — 
27 | Cunukarenb KCM-II _ = od 19 260 = 
28 | Puaaur lOxupi Ypan 2,421 2543) aa = 2,8, |) 4,9 


*OOpasel H3 KONMeKUHN ONOK Mucturyta XH4MHH pH CapaToBcKoM yHuBepcuTete. Homep B ckoOKax 
COOTBeETCTBYeT HOMepy STOO OOpasia B KOMEKIUH (?). 
Jia Bcex O6pa3il0B OmaJIOB H ONaOBLIX MOpOf Ha H3OTeEpMaX COPOWMH apoB 
 BOJbI HaGOaoch HeoGpaTuMoe MorsoujeHHe HEKOTOPOrO KOJIMYeCTBa apoB, 
TIPOABJIABWUICeCH B CMCIIEHHH COpOUMOHHOH BeTBH H30TepMbl NpH MOBTOPHOL 
_cop6uuu. Bria o6HapyxkeHa HenocpesCTBeEHHad CBA3b STOO ABJICHUA C Kalinil- 
JIAPHOH KOHJeHCauMeH NapoB BOLI B OOpasile, a HMeHHO: HeoOpaTuMaa copouua 
HaOmoaiacb TOMbKO Ip HasMyHM KallMIApHOH KoHMeHcalMH. Mexanusm 
STOTO ABJICHHA O6134H, BePOATHO, eHCTBHIO CHJI CHKATHA CKesleTa CopOeHTa, 
BOSHHKAIOULUX Tp 3anOHeEHHH MUKPOKAaN ApoB. 

H30TepMbI cop6luH No3BOJIMIM XapaKTepH3OBaTb NOPUCTylo CTPyKTypy H 
OWCHHTb BEJIHYMHbI YebHbIX MOBepXHOCTeli HCCEMOBAHHEIX OOPaSIlOB OMaJIOB 
M onascoep»xanyHx MOpoy (ra6.2. 1). 

OueHKa BeHYHH YebHbIX NMOBeEPXHOCTeH, MPOBOAMBINaACA MeTOOM BOT, 
‘l0Ka3avia JOCTaTOUHO BhICOKHe BeJIMYHHbI NOBEPXHOCTeH, AOXOAAULMe Y HeKOTO- 
_ pbIX OOK uM Tpenenos Jo 130 Mm? Ha | r nopogb. BewMuMHbI yAe/IbHbIX MOBepXHO- 


cTeli, HafijeHuble No H30TepMaM COpOWHH MapoB OeH30/1a, HECKOJIbKO MeHbILe 
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10 CpaBHeunio c COPOUHeH NapOB BOAHI; NOCeLHee*yKa3bIBaeT Ha HaJIMYHe B M0- 
powax HeKoToporo KOJIMueCTBa TaK Ha3bIBaeMbIX YJILTPaMUKpoOnop, T. e. Top, 
KOTOPHI€ JOCTYNHBI LIA COPOWMU WapoOB BOLI, HO HEAOCTYMHbI MO pasmepy MIA 
copOunuH Oojee KpynHbIx u 
MeHee AKTHBHbIX MOJICKYJ 
OeH30U1a. 

Ilopueraa cTpykTypa uc- 
CJIEMOBAHHBIX OOPa3siloB Oa- 
JIOBLIX MOpo pasHoodpa3sHa 
WM XapakTepH3yeTca HasHMUuH- 
€M BC€X BHJOB MOp: MHKpo-. 
nop, Nop mepexoHbIx palu- 
ycoB H Makponop. MutTepec- 
HO, 4YTO IJIN Kaxkoro Tuna 
nOpoy, XapakTepeH cBOl BUT 
mopuctocTu. Cperube omoKH 
HW Tpenesbl O6saaroT 3HauH- 


MM/2 


0 Ci amos 1 09 TCJIBHbIMH KOJIMYCCTBaMH Tak 
ee HaS3bIBaeMbIX Ie pCXOJLHBIX 
nop (pagquycsi nop r = 20-- | 
Af B a G3 ips Ep ae) 300 A), BecbMaBaxKHBIX pH — 
j HCNOJIb3OBAHHH COPOeHTOB BI 
KauecTBe OTOCIHBAIOUIUX 3e- 


0 i Sa Meuib (*). O6bem MepexoRHbIX 
; d mOp onokK JOxoyHT fo 0,268 
3 
cm’ Halr nopogn. B otn- 
Puc. 1. Hao0repmpt cop6uHv apoB BOLI ONaOBbIMH MOpo- Pons . 
qamu. 1 — azcop6uus, 2 — mecop6uns, 3 — ancop6uvon- “THE OT TPeMeJIOB ONOKH, Kak 
Had BETBb M30TEPMEI MOBTOPHOM acopOuHu, nowyyeHHaa HM MPOMBIMWICHHbIe CHJIMKare- 


nocle JHTeMbHOM OTKAYKH OOpasua. A — onoKa Ne3, yy, O6MalaloT 3HAUMTeIbHON 
5 — guatomut Ne 16, B— onan Ne 21, !— tpenen No13 oHOpomHoti TOPHCTOCTEIO B 


O6acTH TepeXxOMHEIX Mop. 
IIpeumymecTBeHHble paylHycbl Nop OMOK NpH OWeHKaxX NO H38OTepMaM HAaXOMATCA 
oxosio 25—40 A. J[naromuThl o61aaioT 3HauHTeJIbHBIMM KOJIMYeCTBAaMH MaKpo- 
nop (nop c paauycom Gomee 300 A). B onanax mpeo6mazaioT mukponopyr (r< 
< 20 A) npu BecbMa He3HauHTeJIbHbIX KOJIMYeCTBAX 
mepexoHEIX Mop H Makponop. Henopuctsim o6pas- 
10M OKa3avica ruamuT Ne 28. Ha puc. 2 npHBexzeHbi 
KPHBBbIe pacnipeseseHua OObeMa Nop Mo HX payHy- 4 
CaM JIA OOpasHOB ONAaOBLIX NOPOA, MO3BOJIAIOULHe 
HarisHO CPpaBHHTb MOPHCThIe CTPYKTYPbI STHX Te. 3}- 

BpIH CpaBHeHbl CTPyKTypbl nepHdepuyecKHx { 

M WeHTPaJIbHBIX WacTeH JIA OMHMX HM TeX Ke OO- §, 
pa3iloB ono0K (o6pasubt NeNe 8 u 9). Bonee norTupie > 
TeMHbI€ WEHTPaJIbHble YaCTH HMCIOT MHKPONOPHCTyI0 
CTPyKTypy, N0-BHAMMOMYy, C HEKOTOPbIM KOJINUeCT- 
BOM «OYTbIKOOOpa3HbIX» Op; OOBeMbI MaKponop u 
MOp MepexoHbIX pasvycoB HeBelHKH. Tlepucdepu- 
YeCKHe CBETJIbIC YACTH H3YYEHHLIX OOPa3LOB HMEIOT 
OO/IBLIYIO HOPHCTOCTb CO 3HAYHTeJIbHBIM KOJIHUECT- 
BOM KPyNHBIx mop (puc. 3, Ta6n. 1). Ecam tTaxkue Puc. 2. Kpuppie pacnpenese- 
pa3IM4HA B MOpUCTOCTH CBASHIBaTb c ycnoBuamu "44 eres A Rua ae 
oOpas0BaHHA NOpOsb, TO Hao Mouaratb, TO WeHT- : ((em3/r -A)+ 108) 
paJIbHad YaCTb (OPMHPOBAaNAach B YCOBUAX 3HAUH- 
TeJIbHOPO CKAaTHA MO CpaBHeHHIo Cc Nepudepnyeckou 
YaCTbIO OOpasila. ITO HABOHT Ha MBICJIb, UTO TEMHbIe MIOTHbIC ONOKH OOpa30BbIBa- 
JMCb B YCJIOBHAX SHAYHTEMbHOFO LaBICHHA OKPy aloe CpeAbl, YTO HW MPHBEeO 
K CHJIBHOMY C2KaTHIO TeJIA KPeMHe3eMa H OOPa30BaHHIO MHKPONOpHCTON CTPykK- 
TYpbI Noposbl. Bonee prixJible KPYMHOMOPHCTHIe TPelebI HW CBETIIBIE ONOKH op- 
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MHPOBAJIHCb, BHAMMO, B YCJIOBHAX MeHbINero BHELMIHerO WaBJIeHHA, UTO HaJlOKU- 
HO CBOH OTMeyaTOK Ha MX MOPHCTy!O CTPyKTypy. 3HayHTeJIbHOMY BHelIHeMy 
JaBJIeHHIO B Mpollecce (OPpMHpOBaHHA Tela O6A3aHA, MO-BUHMOMY, H «OyTHII- 


KooOpa3sHana» CTpyKTypa Nop HeKOTOPbIX OMaJIOB 
(o6pa3er Ne 20). 

O6OHapyxuBaemoe allCOpOWMOHHO-CTpyKTyp- 
‘HBIM MeTOJOM B OMaJiaxX HaiHyHe BHYTPe@HHAX 
HeOJHOpORHOcTel (Mop), MCHbIUMX pa3sMepoB, 4eM 
‘lMHa CBeTOBOH BOJIHbI (TAG. 1), H BHISLIBAaeT, 
‘TIO-BHMMOMY, paccesHHe CBeETOBBIX JyueH, o6yc- 
JIOBMBaIOIee ABJICHHE OlalecleHwHH y Oa- 
‘fOPpOAHbIX OMaIOB, OObACHeCHHE KOTOPOTO JO CHX 
MOP BbISbIBAJIO HEKOTOPble 3aTPyHeHHA. 

JlanbHenuiee Ooulee rry6oKoe mpHuMeHeHHe 
‘allCcOpOUMOHHO-CTPYKTYpHOro MeTOMa K UuccJesO- 
BaHHIO CTPyKTYPbI MOPHCTHIX MOPO, MOKET OKa- 
3aTb HECOMHEHHY!0 MOJb3y B Jeule H3Y4eHHA BO- 
IpocoB oOpa3s0BaHuA HW BOSMOXKHOCTeH MpakTuye- 
CKOrO HCNOJIb30BaHHA 9THX MOpPOL. 


a 20 Me 60 80 


Puc. 3. Pacmpegesenne o6bema 
Mop mo HX pafuycam ANA OOpasila 
onokH Ne 8 (/) u ero nepudepu- 
yecKol uacTH (2) (o6pasem Ne 9) 


B 3aksioueHve aBTOp MpuHOcHT ryOoKy!o OmarofqapHocTbh mpodeccopy 
B. C, Bacumbesy u C. HW. Copoxuuy 3a BHuMaHue K HacTonmel padore. 


HaysHo-nccleqoBatTebCKHit HHCTHTYT 
MeXaHHKH MW (H3HKH 
up CapaToBcKoM rocyfapcTBeHHOM yHHBepcHTere 


Tloctynusto 
25 IT 1961 
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loxnaynns Akaxemun Hayr CCCP 
1961. Tom 139, Ni 2 


TET POrPA®HA 


n. B. 3APHL.KHA 


CY JIb@HAHbIE KOHKPELLMH YF JIEHOCHbIX OTJIOKEHHH JOHBACCA 
HW MUHEPAJIOTHYUECKAA POPMA JWCYJIB®HA JKEJIESA 


(IT pedcmaeaexo axademuxom H. M. Cmpaxoéoim 17 III 1961) 


Kak H3BeCTHO, JOHELKHE YPM B Macce CBOeH OTHOCATCA K MHOrOCepHHCThIM, 
pH¥eM CepHHCTOCTh HX OOycJIOBJIeHa B OCHOBHOM MpHCyTCTBHeM KouEe,aHHoK 
cepbl. BrijeneHua cyJibcpuyoB w2WeNesa XapaKTepHbI TaKXKE HW [JIA BMeLLAaIOULHX 
yruim WecuaHO-rviMHUCTHIX H KapOoHaTHBIx mopog ((7, *, ®, 74) Hw ap.). 

Becbma pacnpoctpaHeHHon dopMoH HaxoxKeHHA CepHOro KOMYeMaHa B Yyrvie- 
HOCHBIX OTJIOMKCHHAX ABJIAIOTCA OMMCbIBAeMbIe 3eCb KOHKPelWMOHHbIe OOpa3o- 
BaHMA. CTAKeHUA CYbCHAOB B YIIAX Pa3BUTbI B BUe HECOJIbUINX YIIJIOLWeCHHbIX, 
JICMeLIKOBHLHbIX, PeXKe H3OMCTPHUHBIX TeJI H KOHKPeIWHOHHBIX MpOCJI0eB MOLI- 
HocTbio B 0,1—5,0 cm npu 3HauNTebHOH HHOTMa MpOTAKeHHOCTH (TeCATKH H 
jake coTHn meTpos). LJupoxo pacnpoctTpaHeHbl Takxe MceBloMopdo3bl m0 
PaCTHTeJIbHBIM OCTaTKaM. CrpykKTypa KoHKpelMeoOpas3yioulero cybusa MO*KeT 
ObITh Pa3/IHYHOH axe [WIA OTACIbHBIX YacTeH OAHOM HM TOM *we KOHKpelun — 
OT NeIHTOMOpdHOH JO kKpymHosepHucTOH. Pa3smMep 3epeH, Kak TIpaBHulo, yBeuH- 
yMBaeTcA K nepHdepuu. TekcTypa MaccHBHas, MeCTaMH C peJIMKTaMM duToreH- 
HOH CTpyKTypbl. HepeyqKo Ha6soqaeTcA NepeKPHCTaMIM3alHA KOJJIOMOPCHBIX 
KOHICHTPHYeCKH 3OHQJIbHBIX CTS2XKeEHHH. OObIGHbIM ABJIACTCAH TAaKKe IPHCyT- 
CTBHe TeX HIM MHbIX (HHOFa BECbMa 3HAYHTEJIbHBIX) KOJIMYECTB CYJIbC*PHOB %Ke- 
Jie3a B KapOOHATHBIX YIOJIbHbIX MOUKAaX (°). M3yyenue KapOoHaTHO-Cy/bCpHAHBIX 
KOHKpellWH B NOJIMPOBaHHbIX LWIMdax OOHAPy2XKHBaeT CJIOHKHOe B3aHMOMpO- 
pacTaHne KapOoHaTOB H CepHoro KoOvINeaHa H 3aMeWleHHe HMH PaCTHTeJIbHbIX 
OCTaTKOB C COXpaHe€HHeM KJIe€TOUHOTO CTPOeHHA MOCMeLHUX. 

IIpH HasM4HH KapOOHaTHbIX KOHKpeWHi, pa3BHTbIX MPeHMYLIeECTBeHHO B 
BepXHeH YWaCTH MMacTa yrviA, CYIbPUAHbIe CTARKEHHA JOKAJIM3YIOTCA B CpelHelt 
M HMKHeM uacTax ero. IIpu sToM HaGmO,aeTcA NOCTeMeHHoe COoranjeHHe KapOo- 
HaTHbIX YPOJIbHBIX MOueK Cy JbP~uAAaMu WKelesa M0 Mepe yaIeHHA OT KPOBJIH 
maacra. 

CorjacHoe CO CJOMCTOCTbIO YIVIA 3asleraHHe, MapareHe3suc c KapOoHaTamH, 
BbICOKaA CTeMeHb COXPaHHOCTH KJIeETOUHOTO CTPOCHHA PaCTHTeJIbHbIX OCTATKOB, 
MHHepaJIu30BaHHbIX FeS2, — Bce sTO CBUeTebCTBYeT O paHHesMareHeTHYeCKOM 
oOpas0BaHHl CyIb@uLoB x*Keviesa. LA O6pasopanun FeS2 HeoOxoxHMbIMU ycuJIO- 
BUXAMM ABJISIOTCH HaMune HeS u xKeIe3a B pacTBOpeHHOM cocTosHHH. CepoBo- 
AOpok B TOPPAHHKE HaKAaIIMBAaICA B pesyJIbTATe JeATeMbHOCTH JecyJbipupyio- 
IMMX OakTepHl WIM %e BCNeACTBHeE PpacKHCJeHHA B WMareHese CyJIbiaT-HOHOB 
orpaHuyecKuM BemjecTBom (**), a pacTBOpbl xKesle3a BHOCHIHCb B TOpdsHHK 
USBHE. 

Hamuve KOHKpelnMi CMelwiaHHOrOo KapOoHaTHO-cysbpuAHOrO CcocTaBa MH Ha- 
OMOaeMble BOSPAaCTHbI€ BSAMMOOTHOIMEHHA KapOonaToB H FeSe yKa3biBaloT Ha 
TO, 4TO Mpollecchl OOpasoBpaHuA cepHoro KOweaHa H KapOoHaTOB He MpocTo 
NpeiuecTBOBAIM pyr Apyry, a B TeweHHve U3BeCTHOFO NepHoOLa MpoTeKaJIH OHO- 
BPCMCHHO, NePeKPbiBaJIMCb BO BP€MCHH, BOSMOXKHO CHaYaa C MpeobayqaHHem 
mepBoro, 3aTem — BToporo. Tak Kak HHPuMbTpalnA O“KAapOOHATHHIX pacTBOPOB 
B TOPPAHUK MpoMCXoMUa CBepxy, CO CTOPOHHI OcaqKoB KpoBau (8,°), TO BHOHe 
eCTeCTBEHHO, YTO KapOOHATHbIe KOHKPeWMH CKOHILCHTPHPOBAaHbI HMCHHO B BepXx- 
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He “actu muacta. [lo mepe yqaneHua OT KpoB/IN BospacTaeT BANAHMe H2S — 
3QeCb OOPAasOBbIBAJIHCh MPeHMYMLECTBEHHO Cy bub weesa. Tlepexoy mexyy 
3THMHM 30HAMH OCYIILECTBJIAJICA MOCTeNeHHO, YTO OGyCOBHO BOSHHKHOBeHHe 
-KOHKpelMH TpomMexyTouHoro KapOoHaTHO-cymbdusHOrO cocTaBa. 3ylecb moL- 
TBepxaeTcA MHeHHe H. M. Crpaxosa(!°), cormacHo KoTOpoMy B CJlyyae o6ora- 
WeHHA pacTBopoB CaCOs xesle30 NepeXosNT B OCaOK TaBHbIM 06pa3o0m B Bue 
cyibduya. 

Kak M3BeCTHO, HHTeHCHBHOCTb OOpasoBanHa FeS, 8 toppanukax Bospacta- 
eT MO Mepe YCHJICHHA BJIMAHHA MOps (MpHBHOC WH peyKUHA CybdatT-noHa). STO 
MOJIOMKEHHE XOPOIWO corsacyetca c reoornelH JLoneukoro OacceiHa — mopcKaa 
KPOBJIA OOJIbIUMHCTBA YFOJIbHbIX IWIaCTOB M yBeMYeHHe cojepxKanuA FeS, 

_B yIvIAX B CeBeEPO-BOCTOUHOM HallpaBJIeHHU, OTKya TpaHcrpeccupoBasio Mope 
ite i ee 1?) H p.). 
Moposax KPOBJIM YFOJIbHbIX MaCTOB HM HayroJIbHOH YaCTH IHKJIOB Ocal- 
_KOHAKOMJICHHA CYJIb*PHAbI KeNe3a TAaKKE MOJb3YIOTCH 3HAYHTEJIbHbIM pacmpo- 
CTpaHeHHeM, B TOM 4HCVIe H B BUe HeCOIbIUIHX (0 3—5 cM) cTaxKeHHH yIVIOULeH- 
- HOM WIM HeNpaBHIbHOH cbopMbI: 

Keipakh CysbuOB xese3a HeEOO/bUIMX pasmepos (1—5 cm) H HenpaByb- 
HOH MOPMbI pasBHTbI H B MOpOsaX NOUYBHI, NOANOYBHI HM MpocsoeB B yrse (°). 
Tlepudepwyeckne 4acTH Cyb*HAHbIX KOHKpPelluli HHOPMa HMEIOT PasuaIbHO-Wy- 
YHCTOe CTPOeHHe. 

CnekTpocKonHyeckH B CTAKeCHHAX CepHOrO KOWI4eMaHa YCTAHOBJeHO MpHcyT- 
cTBHe pxafla XHMHYeCKHX JemeHTOB: Al, Si, Ca, Mg, Mn, V, Cr, Ni, Co, Ti, Cu, 
Pb, Zn, As, Sb, Mo, Ba, Sr. Bepostuo gonyctutb, uto Ni, Co, oruactu Mn 
H3OMOPp@HO 3ameulaioT Fe B peuleTKe MHHepasa. HeOompiiue KosnuectBa As u 
Sb B OTJebHbIX OOpasilax — xABseHHe OObIuHOe ua FeS, (?,°). []pucytctBue 
Cu, Zn, Pb cneqyeT oO6bacHUTD HaMUMeM B Macce Cyb~ua Kee3a TOHKOLH- 
CMePCHbIX M€XaHHYeCKHX BKJIOUCHHH XaJIbKONMpHTa, CchaepuTa, rasleHuTa, 4TO 
B OTHOWEHHH MepBbIX JBYX MHHepaJiOB NOATBepxKeHO HAM MPH MHKPOCKOMH- 
yeCKOM H3y4eHHH NOJMpOBaHHbIx wWiMdos. IIpumecu Al, Si, Ti, Ca, Mg, Ba, Sr, 
oTuacth Mn cBa3aHbI Cc TeppHreHHbIM MaTepHasIOM H KapOoHaTamu. OctTaeTca 
HesACHOHM dopma HaxowyeHna Mo, V, Cr. Bo3MoxHO, HCTOUHHKOM 9THX 3JIEMeH- 
TOB ABJIA€TCA MPHMeCb PIMHHCTOFO MaTepHaJla, TaK KaK HaJiWuHe HX OTMeYeHO 
HMCHHO B CyJIbUAHEIX KOHKPelHAX, PASBHTbIX B NOpOax KPOBJIH WIM MOUBBI 
YIOJIBHBIX [JIaCTOB. 

Bompoc 06 oTHeCeHHH BBIeseHHH CepHOrO KoJINeaHa B OCaOUHbIX MOposax 
K IWHpUTY WIM MapKa3HTy H6O OOxOMJICA HUCCIeAOBAaTeJIAMH, J1HCO B KOHKPEeT- 
HBIX CJIYYaAX pelaJICA HeLOCTAaTOUHO OCOCHOBaHHO. OObl4HO pedb WET O «cep- 
HOM KOJI¥eqaHe» HIM «cybdune xeesa» ((1, *, 1°) H Ap.), B Apyrux cayyaax — 
O «MHpuTe» HIM «MapKasnTe» ((1, °, °, 1°, 1%) Hap.) 6es NpHBemeHHA KaKHX-sIHOO 
WJIM JOCTATOUHO YOeMUTeJIbHbIX JOKA3aTeJIbCTB HMCHHO TakKOH MHuHepasioruyec- 
KOH PopMb! AucysLpuya wenesa. KputepHem iA OTHECeHHA CepHoro KoOvyesa- 
Ha K MapKa3HTy HeEKOTOPble aBTOPbI CUHTAIOT HECKOJIbKO OTJIMYHYIO OT THIMYHOL 
JIA MHpHuTa, Goee OneqHyIO OKpacKky HJIM CTPpyKTYPHble OCOCEHHOCTH BbIMeNe- 
Hun FeS,. Tak, xKeJITOBaTO-cepbIi IBeT CepHOTO KOJIYeaHa B OTParxKeHHOM CBETE, 
OTMMUHBI OT WBeTa nupuTa, no H. II. Apour ((?°), erp. 276), «qaeT noBox NoLo- 
3peBaTb, YTO STO MapKasuT». 1. P. Uynoscxaa u E. B. Uecktonp ((7°), erp. 149) 
NUUIYT, YTO pelllaTb, HMeeM JIM MbI MMPHT WI MapKas3HT, IPHXOAUTCA Ha OCHOBAa- 
HUH CTPYKTYPHBIX OCOGeHHOCTeH BKJIIOUCHHH HW CUMTAIOT M4pKa3HTOM BCe JLY4HCTHIe 
o6pasopanusa FeS,. AnanoruyHoe mueHuve Haxogum y A. H. Tuns6ypra (°) a 
y 10. A. )Kemayxuuxkosa u A. V1. Puns6ypra (7). BmMecte c Tem uMetoTcs H ompe- 
jlesIeHHbIe YKa3aHUA, YTO IMPHT B OCAOUHBIX MOPOMax MO2*KeT HaXOLHTbCA B Cop- 
Me JIYUHCTLIX KOHKpemni (°,°). 

Munepanbupiii cocTaB CybuAHbIX CTAKECHHH WU CYJIbPUAH‘IX BKJIOUCHHH 

KapOOHaTHBIX KOHKpelMAX H3Y4aICA KPHCTAIMOONTHYECKNM MCTOJOM B MOJIH- 
poBaHHBIX WImudax. Bo Bcex cilyyaax (37 oOpasioB) AUCyAbpUA weNesa OKa- 
‘3a1CA HE pearupyIOlluM Ha NOWAPH30BaHHbIi cueT — usoTpomHbIM. Mapkasut, 

"Ha HaMuNe KOTOporO B JOHeNKuX yraax yKasbiBaeT E. O. MorpeOuuxuhki (**), 
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H. I. Apo (73) u Ap., Hamu He Obl OTMedeH B Buse CTS2KeHHH A 3epeH, JocTa- 
TOUHLIX JWiA ONTHUeCKOrO ONpeseneHuA pasmepos. M3yyeHue oOpasioB KOHKpe- 
uni ¢ Gosee GeqHO! OKpacKOli, KaK H KOHKPeUHH, MMCIONIAX PayMa/bHO-ydH- 
cToe cTpoeHue nepuiepHyeckux YacTeH, MOKA3Aa0, YTO B STUX CYUaAX Mbl HMCCM 
ylelo C MHHepasioM 6e3 KaKHX-JIMO0 NPH3HaKOB ONTHYCCKOM AHHSOTPOMMH, T. C. 


C NMpHTomM. . 
PentreHomerpwueckoe u3y¥eHHe CyJIbPUAHbIX KOHK pela MeJIKO3e€p HUCTOFO 

M paluasbHO-sYYMCTOFO CTPOeCHUA MOATBEPXaeT MUPUTOBHIM COCTaB NOCJIEAHHX. 
Matepuad }KOHKpelwH u3y4aJICA C 

TOMOULbIO PEHTTEHOBCKOH YyCTaHOBKH 
C HOHH3alMOHHOH perucTpaluei TH- 
na YPC-50H. IIpumenasocb HeorT- 
(PHJIbTPOBaHHoe H3JIyueHHe C 2KeVIe3- 
HbIM AHTHKATONOM, Hall psAxKeHHe 20 KB, 
TOK 4uepe3 TpyOKy 2 ma. I[lomyueu- 
Hble HAMH PaCueTHbIe WaHHbIe peHT- 
reHOrpaMM 5 OOpasiioB CysIb(puAHbIX 
CTH2KEHHH OOHAPyXUBAaIOT NopasH- | 
T@JIbHOe CXOJCTBO C TaOJIMYHbIMH 3Ha- 
YeHHAMH JIA NupHtTa. McK sovenHe 
cocTaBaneT oOpasex Ne 11 (puc. |, 
TaO. 1 — JHH3OBHHaA KOHKpelna 


W3 KOHTaKTa yruia lc KpoBneli, ex- 
TPaJIbHbIH pation). OOpamaeT Ha ce- 
6a BHuMaHHe Oovbilee WuCJIO IM HHH, 
yeM Ha JHPpaKUMOHHbIX KPHBbIxX 

| \, muputa (o6pasup NeNe 4, 5, 6 Ha 
puc. 1). 3a BEryeTOM JIMHHM NHpuTa 
Bce OHH OTBeYaIOT  MapKa3HTy. 

CpaBHeHue Cc JudpakWHOHHbIMH KpH- 

BBIMH APYrMx OOpasiloB MOKasbIBaeT, 


YTO HHTe€HCHBHOCTb COOTBETCTBYIO- 

Oip. N4 IHX JMHAH NHputTaB oOpasue Ne 11 
; 3HAYHTeIbHO ocia6seHa. CyeqoBa- 

T@JIbHO, B 9TOM OOpa3ile MBI HMeeM 

we | Teo C JBYMA TMOJMMOp@HbIMH MOLH- 
| (pukaunsamu FeS, (kyOnyeckoli u pom- 


Ouueckoli), KOTOpble Haxo,ATCa npH- 
MepHO B OJHHaKOBbIX KOJIHYeCTBAX. 


M3 Bcero H3/I0%xXeCHHOTO MOKHO 
3aKJNOUNTb, YTO KOHKpelMeodpa3o- 
BaTeJIeEM CYJIb*UHbIX CTAXKeHHH Kak 
B yIvlAX, TaK HW BO BMeIaollux yruu 
nopogax JjonHOacca B nosaBuArouleM 
OOJIbIIHHCTBe CJTYUaeB ABJIAeCTCA IU- 
put. Takne 1pu3HaKH, KaK HeKOTO- 
pax aHOMaJIMA B OKpacke, WlecTOBa- 
THI XapaKTep KPHcTawJIoB, cmoco6- 
HOCTb OOPasSOBbIBaTb CTAMKCHHA PAlNaJIbHO-JYYMCTOFO CTPOeCHHA WIA MapKasuTa 
CHJIbHO IIpeyBeJIMYeHbI H, BO BCAKOM CJlyuae, HE MOryT CJIYKUTb JOCTATOUHBIM 
KpHTepHeM JJ CyKIeCHHA O MHHepasiornyeckoli (bopme Aucybpuda weesa. e 

Hcxoaa u3 TemnmepaTypHoro pexkumMa HM xapakTepa CpesbI pu Hakonnenny 
yrueu oneuxkoro 6accefina, A. 3. JOposcxult (4) nomaraer, uTo nupuT aBnaerca 
HCXOAHOK Popmow FeS, B yraax. E, O. MorpeOunxuli (4), HanpoTus, cunraer, 
4TO B OOJIbINMHCTBE CyyaeB NePpBHYHBIM MHHEPasIOM ABJIACTCA MapKa3ur. 

[IpupeqeHuble BbIle JaHHbIe NOSBOMAIOT CeaTb BkIBOL, TO Hapsly C BEI- 
ACNEHWAMM HECOMHEHHO NepBHYHOTO Nuputa (kyOW4eCKHe KPUCTaJIbI M arpera- 
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Puce. 4 


Ta6Oauna it 


é O6pasen Ne 11 Tlupurt (12) Mapka3 ut (12) 
E, kl 
fe 4 I da I Ga I da 
4 414 4 ale tN O}s) 2 3,102 
Za 200 9 2,704 8 2,696 10 2,690 
3 210 6 les 8 2.407, 8 Dy NAS 
4 5 A GiiiO) = — 8 2,014 
5 all 5 2,203 a 2,206 
6 4 avo — _- 2, Dao 
7 220 4 1,906 6 4,908 6 4,908 
8 i) 4,859 — - 4 1,868 
9 3418 
224 4 ike FASIO} 4 1,796 
300 
10 6 A Oe — — 40 4,794 
“eh 4} iL TVs — -- 2 TPAD 
12 1 1,688 _ -- 3 1,689 
Aes 1 1,671 — — 3 Ny ovis) 
14 otf 5 1,628 10 1,629 
15 222 1 AP Dav a 1,560 
16 230 2 1,498 4 1,498 3 4,499 
17 321 41 4,444 6 1,444 
18 4,425 sti ae 5 1,428 
19 A683 — 4 1,365 
20 331 4 1239 el 15239 
24 420 1 1,208 | 1,208 


bl) BIOJIHE peaieH Mepexok HCXOAHOH HeycTOHYHBOH H MeHee MJIOTHOM pomMOn- 
lecKOH MOAMMuKanHH FeS, B ycToMunBy1O KyOnYeCKYIO MOAN@UKAaLHIO OObIMHO 
: COXpaHeHHeM WieCTOBAaTOrO OO/IHKA KPHCTAJJIOB H pafNaJIbHO-JIy4ucToro cTpoe- 
WW KOHKpelHit. Bo3sMoxkHOCTb Takoro nmepexoa OTMeualach HeOHOKpaTHO 
(7,1°,17) u ap.). Ccpimka A. 3. JOposcxoro (*) Ha 3kcnepHMeHTabHbIe HCCIeIO- 
saHHua KenurcOeprepa u Pelixencrelima, cormacHo KOTOpbIM IpH TemmepaTypax 
10 200° o6pasyetca nupuT, HeyOemuTeIbHa, TaK KaK B OOpasoBaHUN TOH “HI 
{HOM MOAMMUKAUHH B YCIOBHAX PaHHEro WMareHe3a BELYIHM PakTOPOM ABJIAeT- 
“A He TemlepaTypa (3aBeqOMO HH3Kaxc), a XapakTep cpegH (pH), uTo 6bwio no- 
ka3aHo ene Mos3ze Wf He OTPHaeTCA B Ooee MO3QHHX padotax (7,°). 


XapbKOBCKHM TOCyapCTBeHHbIli yHHBepCHTeT Tlocrynnao 
um. A. M. ToppxKoro 26 II 1961 


WHTHPOBAHHAA JIATEPATYPA 


1B. A. Ban KoBpc KH i, Cyibpugnas cepa B AOHENKHX YMIAX KaK MOKAa3aTeb (ball adb- 
abix ycnopun, 1951. 7 A. YT. Bere xtuu, Muuepanorua, M., 1950. 3 JI. HW. Boro- 
110 6 0B a, Mas. AH CCCP, cep. reon., Ne5 (1949). * Peou.-xum. kapta Jloneuxoro 6accelina, 
moO ie Twin sO: yip 6, JIAH, 124, No 4 (1959)0) ® Jiox Jie 9M Sa a, 3. C. 
%oHa 4H ap., Cuctema muHepaorun, 1, nonyrom 1, 1950. 7 10. A. Kemuy K HH KOB, 
4.H.f xx36y pr, OcHosn netponorny yraet, U3y. AH CCCP, 1960. °%T1.B. 3apun- 
‘<u i, JIAH, 110, Ne 4 (1956). °% TI. B. 3apuuKuit, Konxpeunn yrienocubix oTioxennh 
Jouenkoro Oacceiiva, XappKos, 1959. 1° B. B. Konepunua, Tp. Jla6. reon. yria 
4H CCCP, 8. 4,1956. ™H.B.JlorBuHeH KO, JIHTONOIHA H HaneoreorpapHa Npo_yKTHB- 
fo TOM MOHeuKOrO Kap6Ooua, XapbxKos, 1953. #8 B. WH. Mu xees, Pentresometpnuecknit 
| ompewenutenb muHepatos, M., 1957. JI. T. Hebeapbesa, Tp. Jla6. reon. yras 
AH.CCCP, sp. 4, 1956. %4E.O. Iorpe6uuKu it, IIpo6a. cop. reom., Ne 5 (1938). 
®H. M. Gtpaxos, Uss. AH CCCP, cep. reon., No 4 (1948). *® TW. Teoxzoposuy4, 
AyTUreHHbIe MHHepasbt OcagouHbIx mopog, M3ga. AH CCCP, 1958. 17 A. H. IpetxKos, 
£.0.Baapamuxuua, Tp. Uuct. reon. pyan. Mecropox,., neTporp., MHHepal. H TeOXHM., 
30) (1958). 3H. P. Yyngoscexkaa,E. B. Uc kiwuab5, 3an. Bcepoccuiick. mux. o6ut., 
2 ¢ep., Beeioso, 29 A. 3. lilupokos, JLAH, 103, Ne2 (1955). © B.Uy xpos, 
Has. AH CCCP, cep. reon., Ne 1 (1936). 2 A. 3. IOposec Kui, Cepa Kkamenubix yroei, 
i948. 2 A. 3. lOposcexKuda, Tp. Mepporo Bcecotosu. copem., H3g. AH CCCP, 1953. 
H.11. A pow, Teon.-xum. Kkapta Jloneuxoro 6acceiiva, B. 5, 1941, crp. 276. 74 W. D. 
foster, F. L. Feicht, Am. Min., 31, Ne 7—8 (1946). 


IS AH, 7. 139, Ne 2 449 


: 


Jloxaagn AxageMun nayKk CCCP 
1961. Tom 139, Ni 2 


TEOXHMH Sh} 


WM. HW. JIMTBUH 


MAJIDIE IJIEMEHTbI B HHADKHEMEJIOBbIX MOPOWAX 
JWHENPOBCKO-OHEWKOH BHAAYHbI 


(ITpedcmaeacno axademuxom H. M. Cmpaxoeoim 17 III 1961) 


Teoxumuyeckue padoTh 10 COsepKaHHlo H PaclipeAeJeHHIO Pa3JIMUYHBIX Ie- 
Me€HTOB B HMKHEMeJIOBbIX Noposax J{HenposcKo-JloHenKoH BHaqMHb! ele He 
mponsBoyusuch. Mexity TeM BbITCHeHHe 3A€KOHOMePpHOCTeH pacnpesevieHHA M Ha-| 
KOIIJIGHHA 9JIEMEHTOB B Pa3JIHUHbIX THMNAX OCaOUHbIX MOPO, MO MHCHHIO MHOTHX| 
HCCJIEMOBATEeH, MOMKET OKA3ATb CYICCTBEHHYIO MOMOMLb pH ycTaHOBJIeHHH 
HEKOTOPbIX TEOXHMHYECKHX OCOGeHHOCTeH HX OOPa3s0BaHHA, KOPpeJIALMH paspe 
30B M BbIACHEHHH HaJIM4YHA KOHUCHTpallu MOeSHBIX McKoMaembix (°,”,1°~14). 

Hwxkuemesioppie oTjoxkeHHaA J[Hemposcko-JloHeykOH BMaHHbi 135 8, y 
MpeACTaBeHbI MPCMMYIeCTBEHHO KOHTHHEHTAMbHBIMM MeCYaHO-PIMHUCTBIMH T0~ 
- PofaMM, BOSHMKINMMH B YCJIOBMAX PCYHBIX JOJIMH, O3€PHbIX H O3€PpHO- -OOJIOTHBIX, 
OacceHHOB, MPH JOCTATOUHO TeMJIOM HW BJIaxXHOM KJIMMaTe. OHM 4acTO cOsepxKaT 
OOYIIMBUIHECAH PAaCTHTeJIbHbIe OCTATKH, TOHKOPACCeAHHOe YIJIMCTOe BEMLECTBO UI 
CTSXKCHHA CYIbPHAOB wesesa. MHorsa cpelu HAX BCTpeyaloTcA mpocsou Oyporo 
yrvlst HW JIMPHHTa MOMLHOCTHIO JO 2 M. OcoGeHHOCTH HW2KHEMEJIOBLIX OTIOKeHHH 
JlalOT' BOSMOXKHOCTh PaCCMATPHBATb UX Kak WaTPopMeHHYy1O PopMauio ryMH- 
HbIX PaBHHH C MPHCYMUMH eH NeTporpadbwyeckuM COCTaBOM MOpOA, MOULHOCTAMH, 
CJIOVKHLIM CTPOCHHEM (CcoueTAHHeM (pallMaJIbHbIX THIIOB OCaKOB), TEKTOHMYeCKH- 
MM YCJIOBHAMHU (OpMUpoBaHuA Hp. (1°). 

B HactosujeH pa6oTe paccmMaTpHBaeTcaA pacnpeyeleHHe MaJIbIX 9JIEMeHTOB! 
B HHYKHEMEJIOBbIX KOHTHHCHTAJIBHBIX OTJIOMKEHHAX C IeJIbIO BLIACHEHHUA 3aBHCHMO- 
CTH MX COepxKaHHA OT THA NOPOR WM KOHUCHTPallHH B HHIKHEMEJIOBbIX OTJIOXKe- 
HHAX BUaLHHbI B WeIoM. Brio ucceqOBaHo pacmpeyemenne 6 SemMeHTOB: Sr, Ba, 
V, Cr, Ni, Mn *. Jlanupie 0 4x cojlepxKaHuu B Noposax mpuBeyenb B Tabu. 1. 
O6pas3ibl HSYYCHHBIX TOPHBIX NOpoy oTOOpaHbl H3 KePpHOB OyPOBbIX CKBaxKHH 
pa3iMuHbIx paionos J[HenposcKo-Jlonewkon BNAaLMHBI. 

Hmxe paccmaTpuBaetca pacipenemenue OTICJIbHbIX 9JIEMCHTOB B NHOpoyax. 

CrpoHuut wu Oapudk. Crponuni u Oapuit mpucyTcTByIoT BO BCex 
oOpasuax H3yYeHHbIX Topog. Coflepxkanve CTpOeHHA BOSPacTaeT OT MeCYaHHKOB 
K C€pOUBeTHBIM IIHHaM HM BHOBb YM@HbINaeTCA B PIHHaX MeCTPOUBeETHBIX (TAG. 1). 
Cpemnee comep2kanne Sr B necuanukax 0,007%, B cepompeTHBIx rmuHax 0,019%, 
MeCTpOuBeTHBIX TuiHnHax 0,006 %. MakcumyM KOHUeCHTpanun Capua MpHxXo_NTCA 
Ha mecuaHHku (cpequee cogepxaHve 0,014%), B neCTpOMBeTHBIX rIHHaXx ero 
coeprkaHve YMeHbulaeTcA (0,01%), B cepompeTHBIX rIMHax JocTHraeT MHHH- 
MaJIbHOH BemHanHb (0,006%). 

Cpegnee cofep2kanne Sr B auTtocdepe 0,04%, Ba 0,05%. (A. II. Buxorpa- 
JOB). _Cpeauee comepxKaHve CTPOHIUMA UM OapuaA B HHXKHEMCJIOBbIX mopoyax 
0,01%, T. €. CooTBeTCTBEHHO B YeTHIPe HW MATb pas MEHbIUe Kapka 3CEMHOM KOpbI. 
TouIbKO B OTJCbHBIX OOPasiax PIMH CosepxKaHHe ITHX SeMeHTOB HHOTa He- 
CKOJIbKO TIpeBbIllaeT BeHUHHY KJlapKa HAH WpHOmMKaeTCH K Hel. 


a Onpeyenenue MaJibIX 3JIEMCHTOB IIPOBOJHJIOCb METOJOM KOJIHYeECTBEHHOTO cnektp aJIbHOTO 
aHalH3a BO Bcecow3HOM HayUIHO-HCCJeLOBATeIbCKOM TeOJIOrOpasBeMOUHOM HHCTHTy7e. 
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Ta6auna 1 


Comep2kaHHe HeKOTOPBIX MAaJIbIX 9/ICMCHTOB B HWXKHEMeJOBbIX mMOpomax 
Tnenposeko-Jlonenukon piagqMunt 


Pation, Ne ckBaKHHbI Tlopona beh: Sr Ba Vv Cr Ni | Mn 
IlecuaHUuKuU 
Mexyypeube TlecuaHuk MenKosep- 5] 0,008 | 0,04 | 0,008 | 0,0008 | 0,003 | 0,0015 
Ockou-JLoney, Ne 93 HHCTbHIN,  CcBeTMO- ; 
cephh 
Bepxopba p. Openu, No 37 | To xe dO) 0 0,01 | 0,005 | 0,004 | 0,005 cu. 
Bepxue-JlaHHOBCKaa 10- > » 7| 0,04 0,001 | 0,004 | 0,0015 | 0,005 | 0,0004 
uyagb, No 21 ‘ 
EnnsaBeTtorcKo-T apacog- >» >» 4ia| 0,001 Gili, 0,004 | 0,007 | 0,0027 | 0,0023 
cKawv maoilagh, Ne 142 
Ilpomunb Banku-Opunx,Neh| » » 17 | 0,04 0,02 | 0,0005 | 0,005 | 0,005 | 0,002 
TauHEH cepouBeTHpe 
Bepxogpba p. Open, Ne 87 | I nuna TemuHo-cepan 9; 0,04 0,007 ; 0,0004 | 0,005 | 0,002 ; 0,0015 
r I'auvHa cBeTso-cepaa 10} 0,05 0,04 0,015 0,01 0,005 0,0015 
Kpectuujerckan naoujagb, | To xe 8{ 0,008 | 0,04 | 0,006 | 0,003 | 0,006 | 0,002 
Ne 34 Tauna cepaa 14 0,04 0,005 | 0,0006 | 0,02 0,007 0,002 
Tauna vepHaa 12} 0,02 0,005 | 0,0001 | 0,006 | 0,005 | 0,004 
IwuHa cepasn 13} 0,04 0,007 | 0,0006 | 0,015 | 0,008 | 0,002 
Bepxne-JlaHnogpckaa nao- |Iauua ceermo-cepaa 6] 0,04 0,004 | 0,00C7 | 0,004 0,005 0,002 ™ 
manb, Ne 24 To xe 40] 0,03 ,004 | 0,008 | 0,006 | 0,005 | 0,0004 
Iipopuspb Banku-Opunx, | auna vepnaa 12] 0,05 0,04 | 0,004 | 0,002 | 0,003 | 0,004 
No 5 Inuna 6enasn 13; 0,04 0,004 | 0,008 | 0,004 | 0,005 | ca. 
‘ Tanya cepaa 15] 0,005 0,005 | 0,007 0,045 0,008 Cis 
TauuHb TBectTpouspeTHbe 
BasakseescKkan naionjayb, ,launHa KpacHo-Kopu4-; A 0,023 ; 0,043 , 0,013 , 0,013 1 0,0045 , 0,009 
Ne 116 HeBas 
Beauko-Buwuesckan mio- | TauHa necrpounerHan| 4 0,0055} 0,006 } 0,013 | 0,015 | 0,004 | 0,007 
ujanb, Ne 242 
Tauucko- Pos6niuesckaa To *e A 0,004 | 0,005 | 0,016 | 0,016 | 0,004 | 0,0025 
naomagp, Ne 34 
To xe, No 36 > > i 0,001 | 0,0035} 0,002 | 0,0045 | 0,0025 | 0,003 
Om6um-Jloporunckas nao- hats las 145B| 0,005 | 0,005 | 0,016 | 0,04 0,004 | 0,006 
ulagb, Ne 137 
To xe, Ne 149 > » ' 6 0,008 | 0,045 | 0,005 | cx. 0,0035 | 0,0045 
» » No 149. > >» 9 0,002 | 0,003 | 0,01 0,008 | 0,0045 | 0,006 
OnnmescKkaA mnoularp, >» » 6 0,004 | 0,007 | 0,007 | 0,012 | 0,004 | 0,002 
Ne 196 


BavwHayxunu u xpowm. MaxkcnmalbHoe HakolJeHHe BaHaqvaA HW xpomMa 
IIpHypOyeHO K HHKHEMEJIOBLIM TIMHMCTbIM NOpoaM, AOCTHraA HavOo/Ibueh Be- 
JIMYHHBI B MECTPOUBETHBIX rinHax (Ta6s. 1). CpeaqHee cosepxanue V u Cr B mec- 
yaHHKax, cooTBeTcTBeHHO, 0,0033 u 0,0036%, cepompeTHbIx rauMHax 0,0045 u 
0,0081%, necrpouperHEix ramHax 0,01 nu 0,0098%, HuxKHEeMeJIOEBIX Noposax 
B weom 0,0059 nu 0,0071%. CozepsaHne STHX SJIEMeHTOB HWXKe Kapka 3eMHOL 
KOPbI, OMHAKO OHO B OTICIbHBIX OOPaswax PMH MOCTHTaeT KMapKOBOrO HU LarxKe 
HECKOJIBKO MpeBbilllaeT ero. 

OrnHomwenue V : Cr coctaBuneT: vid TecuaHHKoB 0,91, cepouEeTHBIX IvIHH 
0,56, necTpouseTHbIx rmuH 1,02. 51o yKa3bipaeT Ha paBHOMepHoe pacnpesesenne 
V u Cr B mecuanukax HM NecTPOWBETHBIX PIMHAX; B C€PpOIMBeETHBIX PMHax HaOuIto- 
JaeTCA OTHOCHTEIbHCe HaKOMJIeHve XPOMa MO CpaBHEeHHlo C BaHnayvem. 

Hukeuab. Cpeqnee cosepxkanve HUKeJIA B HH2KHEMEJIOBLIX TMecuaHHKax 


0,0041%, cepouseTHpix ranHax 0,0053%, mecTpolBeTHEIX TyIHHaXx 0,0038%, . 


HM)KHEMEJIOBLIX TOposax B IWeJIOM 0,0044%. 

Cpemuee comepxKaHve HUKeJIA B TIMHUCTBIX NOpofax s1MTOcHepyt 0,0095% 
(A. I]. Bunorpagos), necuanuKkax 0,0002% (JJ. Ppuitn), Kapk 3emHOM Kopbl 
0,008% (A. I]. Bunorpagos). B u3yyeHHbix mopojlax coyepKanve HUKeIA HUKE 
KJlapKOBOrO, 3a HCKJIOUCHHEM OTICJbHbIX OOPasiOB, OMHAKO KOHMCHTPallMA ero 
B HWDKHEMeJIOBLIX NecuaHHkKax B 20 pa3 MpeBOCXOAHT cpesHee coep*KaHue B Mmec- 
yaHukKax, mpHpogumoe JI. [puin. 

Maprauneu. Cpemuee cojepxKanne MapraHia B lecuaHukKax HM CeporBeT- 
HBIX ranHax 0,0012%, mecTpouBeTHBIx riMHax 0,005%, HuxKHEMeJIOBbIX NOpo- 

How edod 


max B wenom 0,0024%. HuxHemesopbie oT0%KeHHA OOe€HEHEI MapraHuem, ero 
KOHIGHTpalua, MAKCMMAJIbHad B MeCTPOMBETHBIX TVvIMHaX, 3HA4YHTeIbHO HWKe 


KylapKa 3eMHOH KOpbI. 
Ha ocHOBaHHH MpOHs3BeeHHbIX MCCJIeEAOBAaHHH MOMKHO CleaTb cleqyrouHe 


BbIBOJII! 
1. HwxuHemMevIOBbIe OTJIOXKEHHA B IWeJIOM OOCAHEHbI MAJIbIMH 9JIEMeCHTAaMH, 


KOHICHTpallMH KOTOPbIX OObI4HO HHXKEe K/lapKOB 3€MHOM KOPHl. 

2. CoqepxaHHe MaJIbIX 9JIEMEHTOB B Pa3JIMUHbIX THNAX MOpOA HMKHEFO Mea 
HeCKOJIbKO pa3sMuHoO. JA necuaHHKOB XapakTepHa OTHOCHTEJIbHO MOBLIWICHHAaH 
KOHUeHTpanna Ba, Avid CepouBeTHbIX TIHH — Sr uw uacTHuHO Ni, Avia nectTpo- 


IBeTHBIX rauH — V, Cr, Mn. 

3. Ha6mozaemoe pacnpesesieHHe MaJIbIX 9JIEMeEHTOB B HHKHEMEJIOBHIX OTJIO- © 
KCHUAX OOYCOBJEHO IeJIbIM PALOM Pa3sJIMIHIX PaKTOPOB, B TOM 4HCJIe COCTABOM 
Mopok o6macTu cHoca, PusHKO-reorpaPpHyecKHMH H TeOXHMHYCCKHMH OCO6eHHO- 
CTAHMH OO/IACTH CeMMCHTAHH, MMFpallMOHHOH CMOCOOHOCTHIO SJIEMeHTOB H Ip. 


XapbKOBCKHA TocyapcTBeHHbIM yHHBepCHuTeT ; Ioctrynusia 
um. A. M. ToppKoro 26 II 1961 
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loxnagnn AkawemMun Hayrk CCCP 
1961. Tom 139, NM 2 


rEOXHMH A 


10. I. MACYPEHKOB u C. H. MAXOMOB 


K FEOXHMHK XJIOPA 
(ITpedcmaeseno axademuxom JI. H. Hlep6axosoim 14 XII 1960) 


TeKTOHHYeCKOe CTpoeHHe QuibOpyccKol By KaHHYeCKOH OOacTH, B KOTOpOH 
-HepaBHOMepHble JBHXKCHHA H SPO3HA MPOJOJIbHbIX 30H BCKPbIBaIOT Ppa3JIMUHbIe 
CTPyKTYPHbIe STAKH, MOSBOJIAET MPOCeLHTb MHFpallMio xXJOpa OT riy6M“HHOrO 
K MOBEPXHOCTHBIM yUacTKaM 3€MHOM KOpbl (Tab. 1). C Stow nembIo Hamu GObIIO 


WavOnvaetiecee| 


Pacnpefenenue xO0pa B pa3MHUHbIX CTPYKTYPHbIX 9TaKaxX OaAbOpyccKoll ByuKaHnyecKOH 
oouacTu 


Cpeyuee co- 


CrpykTypHblit stax; JOMHBUpPyIOUHe TekToHH¥ecKad 30a; THNbI NOpoT oGee on eee” 
mpomecch - A 
Kpaliuve 3Ha- 30B 
yeHHA 
| A6uccanbubllt; oO acTb HHTEHCHBHOFO pa3BH- | Sona I naBHoro xpe6ta; rpaHuTol . 0,0032 46 
THA MarMaTH3Ma H MeTacOMaTO3a — meN0U-| TpaHHTO-rHelichl, rHelchl; cmIO,A- (8—130) 
HOrO HW %Keseso-MatHHeBOrO; BCe NMOpoOspl | HbIec NOMeBoWMATOBHIe H amduOo - 
Me€TAaMOPMH30BaHbI PaBHOMEPHO AOBbIC CAHILbl; MeTMATHTSI 
Tuna6uccanbunti I; rumaOuccambupili Marma- | 30Ha Ilepepoporo xpe6ra; rpaHu- 0,0048 66 
TH3M HU BBICOKO- H CpefHeTemmepaTyPpHbIe Thl, PPaHuT-nopdmupH, nopduppl, (10—3828) 
THAPOTepMaJbHbIe MpoOwecchl; M®eNes0-Mar- WHOpPHTEI, WHaba3bl; CepHmHTO- J 
HHeBLIH WH WeOUHOM KOHTAKTOBHIfi MeTACO- Bble, C€PHILHT-XJIOPHTOBbIe H 
MATO3; perHOHAaJbHEIM MeTaMOp®u3M cbaunh aM@u6oN0Bble cCNauibl, YacTHy- 
3eJICHBIX CaHILeB HO desbAWINAaTH3HPOBaHHbIe; 
PHAPOTepMaJIbHbie MHI 
Tuna6vuccambupt I]; Kkpatine orpanuyeHHpllt | CepepHoe KpbIMO H BOCTOUHOE or- 0,0034 AG 
| YunaOuccabHblh MarmMaTH3M; cpefHe- H panuuenue s0Hnl Ilepegosoro (19—76) 
' HH3KOTeMMepaTypHbie LrupzpoTepMasJbHble xpe6ra, 30Ha IlpogombHbix Je- 
MNpollecchl; KOHTAKTOBLIi mMeTaMOpdusmM — nmpeccHh; nopmuppl uw nop@upu- 
C€pHILHTH3aAMHA, KJOPHTHSalHA HU KapGbona- Tbl; TWHHHCTHe CMaHIUb, PUI - 
TH3alHa Tbl, WeCuaHHKH, KOHTJOMepaTh, 
KBaplluThl; KBapIleBO-cepHHT- 
XJIOPHTOBbIe CMAHIUbI; THApOTep - 
MAJIBUbIC IKUVJIBI 
B AHSMOBeEPXHOCTHDIli; OOmacTh nposBaenHs | OrnomwKeHHA APyca NepeKPbIBaloT 0,0067 16 
TOMbKO ajbuHfickoro MarMaTH3Ma B Iuti- BCe TEKTOHHUeCCKHe 3O0HbI; KOH- (27—228) 
aOuccanbHoH aun; peruoHambubifi Meta- rAOMepaTbl, NeCUaHHKH,TIHHUC - 
MOPOH3SM HHUTOMeH THe CMaHIbl, HSBECTHAKH, PH- 
HbI, MeCKH H T. A. Me3030A H 
KafiHosoa“ 


“TIpOH3BeMeHO BbIljeIayHBaHne cBbile 200 OOpa3sioB rOpHbIX MOpo, paBHOMepHO 
OTOOpaHHbIX BO BCeX TEKTOHHYECKUX 30HaX. OOpasubl IpeBapHTeMbHO Wpoou- 
uch fo 0,3 MM u OOpabaTHIBaNNCh JMCTHIMPOBaHHOK BOOK WO NOMHOTO USB/Ie- 
YeHHA BOJOPaCTBOPHMBIX CoOJIeH xOpa. 

Han6onpuiee KomHueCTBO XJIOpa KOHWeHTpHpyeTca B cia6o MeTamMopduso- 
BaHHbIX OCaKaxX M€3030H WH KalHHO30K, YTO OOYCIOBJICHO HaJIMYHeM B HUX OCTa- 
TOUHBIX MOPCKHX Boy. AHasIOrHuHble, HO 3HAYHTEbHO CovIble MeTaMOp(u30BaH- 
‘HEI€ OTJOKeHHA NepMu, KapOoHa, VM, BEPOATHO, CHypa cofepxKaT B cpeqHeM 
‘BUBOe MeHbINe XOpa. CneqoBaTeIbHO, MporpeccuBHoe yBeJIHYeHHe MeTAMOpHs- 
Ma OCaJOUHEIX OTJOMKEHUE NPUMBOAT K BLIHOCY U3 HX XJopa. 

, Cpequas yactb 30nbt Ilepeqonoro xpe6ta no creneHH MeTamopiusma culara- 
| JOUIHX ee NOpod u cdaunaltbHOH Npuna_MexKHOCTH MArMATOTeHHBIX HM rHypoTep- 
| MAJIbHBIX O6pa3s0BaHHH MOMKeT PaCCMATPUBATLCA Kak CwleLYIOUNA NO ryOuH- 
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HOCTH CTPYKTYPHbIit 3TAxK. 3oHa XapakTepH3yeTCA 3aMeTHIM YBeJHYeHHeM Cpel- 
Hero cojlepoKaHusA xJopa. STO OOCTOATeEMbCTBO CBASbIBACTCA HAMM C HaslHuveM 
MHOPOWHCJICHHbIX FH POTePMAJIbHbIX MPOABJICHHM HM OJIM3KMX K MOBepXHOCTH HH- 
TPy3H, COMPOBOXaOUlAXCA MOCTMArMaTHYeCKHMH OTJIOXKeCHHAMH. 


Taoumnima Z 


Cpemnee cogepxKanne xopa B pa3nuHBIx nopogax IIpusubOpycbA (B BeCOBIX MpoleHTax) 


Marmaruueckue a ruwApoTepMaJIBHbIe 


nopoypl 


MauuA NOBEPxHOCTHAA 
0,0041 (cp. 
(0,0010 — 0,0070) 


0,0056 (cp. u3 15) 
(0,0008 — 0,0269) 


Hruum6putTp! uw Typ muna- 
PHTOB 

JlaBbl HW 9KCTPy3HH wIMMapH- 
TOB, MalHTOB HW aHAeSHTOB 


SKr2rpy3uH MOpdHApow u nop- 
$HPHTOB M23030A8 


Tpasit-noppapbl uw nopd@u- 
PHTbI Najeo3s0n 
Ppauur-nopdupbi KaliHo30a 


PKunbHEI KBAaApIL 
» » 


Pyquaa “Kuna 
» > 

pauurpl 

Uvua6a3pi 


Cepneuru HHT bI 


[panurbl 


CepnexTHHHTBI 


OcayouHble H MeTaMOpduyeckHe 
‘ nOpoypl 


0,0171 (cp. u3 9) 
(0,0022 — 0,1055) 
0,0049 (cp. 
— (0,0024 — 0,0118) 
0.0032 (cp, u3 7) 
(0,0024 — 0,0050) 


MPawHaA CpeRHuUX rayo6uH 


H OMUSTOBeEpxXHOCTHAA 

0,0050 (cp. u3 4) . 

(0,0027 — 0,0096) 
0,0228 

0,0059 (cp. u3 41) 

(0,0030 — 0,0147) 


u3 19) | Danun HW CyrIMHKH Masteo- 


reHa H HeoreHa 
HMspecTHaKH pb. 
IlecuaHHKH, KOHTIOMepa- 

Tbl H fJIHHHCTbIe CJlaH- 


ILbI 1Opbi 
[aMWHHCTBIC CNaHUbl Kap- 0,0033 (cp. u3 2) 
6ona (0,00383 — 0,0034) 


wu3 10) 


0,0031 MuNIUTH H DY AIIUTOBH]- 0,0037 (cp: H3 7) 
0,0182 Hble CJIaHILbl (0,0020 — 0,0076) 
0,0016 
0,0044 


0,0048 (cp. “3 5) 
(0,0029 — 0,076) 
0,0029 (cp. “3 412) 
(0,0010 —.0,0053) 


0.0075 


DPDauuaA OONbBWHX rayoun 


0,0034 (cp.H3 8) 
(0,0019 — 0.0050) 


0.0042 (cp. H3 32) 


KBapuurTpl 


Cepulut-xJIOpHTOBbIe 


culaHIbl (0,0020 — 0,0094) 
Amdu6ou-xOpuTOBLIE 0,0148 (cp. H3 9) 
C1aHIbl (0,0017 — 0,0640) 


0,0031 (cp. u3 20) Amu60-xOpHTOBbIe 0,0038 (cp. H3 8) 
CuIAHILbl (0,0008 — 0,0069) 
BHOTHTOBbIe CaHItbl 0,0032 (cp. u3 13) 
(0,0016 — 0,01430) 
Tuettcpi 60,0027 (cp. us 11) 
(0,0016 — 0,0037) 
0,0026 


HanOonee riiyOHHHbIh CTpyKTYPHbIM 9TAK, BCKPbITHIN 9po3sHeH B 30He [aB- 
HOrO xpeOTa, CHOBa XapaKTepH3yeTCA OTHOCHTeJIbHbIM YMCHbINeHHeEM CpesHero 


cOomepsKaHvA XJOPa. 


50 3 


& 


MQXC/MUH —> 
Qo 
S 


Cmenens enybunnocmu —» 


Puc. 1, Kone6anua B cojepxKaHHH X/opa AIA pas- 
JIMYHBIX NOpOk BDab6pycckKoli ByKaHHyeCcKOH OG6acTH 
(Makc/MuH). / — MarmMaToreHHbie mopogbl: /— urHum6- 
PHTbI H TYP MHMapuToB, 2—NaBbl H 9KCTpPy3HH 
JIHHapHTOB, JaHTOB H aHJesHTOB, 3 — 9KCTpy3HH nop- 
upoB H MopupuTos meso3oa, 4 — rpaHHT-nopdupy 
H MopupuTbl naeo3soa, 5 — rpaHHT-nopduphl Kalino- 
308, 6 —ruppotepMbl, 7 —rpaHHTb! mameoson, § — 
AvaOasbl talleosox, 9 —rpaHHTbI namteosos. J] — 
ocayouHble HW MeTaMopdpHyecKHe nopogn: J’ — oca- 
JOUHBIe MOpOsbl Me3OKaHHO30K, 2’ — rIHHHCTbIe ClaH- 
Wbl KapOona, 3’ —cuanuTe uv PuIHTOBHAHbIe caH- 
ibl, 4’ — KBaplHTHl, 5’ — CepHHT-XJIOpHTOBLIe 
CaHubl, 6’ — amu6os-xXsIOpHToBble CnaHUbl (rHApo- 
TePMAJIbHO H3MeHeHHEIe?), 7’ — amu6os-xOpHTOBbIE 

cllaHubl, 8’ — 6HOTHTOBbIe CaHIbl, 9’ — rHefichl — 


Takum o6pasom, HanOoulee OaronpuATHOH Cpesolt JIA KOHWEHTpaluH xsopa 
ABJACTCA MOBEPXHOCTHAH OCaqouHad OOoO"KAa 3eMHOH Kopbl. J[pyrok makcu- 
MYM HaOJuORaeTcs B CTPYKTYPHOM STaKe, B KOTOPOM OCOGEHHO LIMPOKO pa3BHuThl 
O/IM3NOBEPXHOCTHBI MarMaTH3M HW THAPOTepMaJIbUbIe Mporecchl. Ita 3aKOHOMep- 
HOCTb OCOOe€HHO Harisi\HO HWUOCTPUpyeTcA aHHbIMH TAG. 2. HanGouiee BEICO- 
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koe CokepKaHHe XMOPa HaO/ONAeTCA B HEKOTOPHIX OCALOUHEIX NOpomax, SKCTPy- 
3UAX MOpUpoB HM NOpPupHTOB Me3030s, XKUJIbHOM KBaplle Ht B rHJLpOTepMaJIbHO 
USMCHEHHBIX CepleHTHHUTAaX MH amdHOOJI-XJIOPUTOBLIX CaHaXx. 
Bo Bcex H3y¥eHHEIX rOpHbIx NOpoax MHHHMAJIbHOe KOMHYeCTBO xJlopa Koe6- 
|MeTCA B BECbMa OrpaHnyeHHbIx Mpejeax (0,0008—0,0033 %), 3aro mMakcumasIbHOe 
OOHapyxKuBaeT Kpalinee HenoctosHcTBO (0,0034—0,1055 %). Haumeuee cta- 
OVJIbHBIMM B 3TOM OTHOLIEHHH NOpPOaMH ABJIAIOTCH JABbI H SKCTPY3HH JIMMAapH- 
TOB, AAWMTOB HM aHJle3HTOB, SKCTPy3HH NOpPupoB, THApPOTepMaJIbHbIe HKUWILI 
THAPOTEPMaJIBHO H3MCHEHHbIe aMpHOOJI-XJIOpHTOBbIe caHub! (puc. 1). Bee 


a 
ty 


it, 
ly 


al 


pa 
Lax SY 
a 


oan Ke 
Niemen 


Sea 
ee, 

co 

CN 

en 


| 
Loe felt eten lceaa 


be a 


Puc. 2. Teoxumuyeckas KapTa pacnpexeseHHa BOHOpacTBOopHMoro 
XulOpa H MHHepasIbHEIX BO] B Pa3sJIHUHbIX CTPyKTYPHBIX 9TAKAX QJb- 
Opycckol ByKaHHYecKoH o6nacTH. CogepxaHue xsopa: J — jo 
0,0035% , 2 — or 0,003 no 0,0045% (BykaHoreHHble Moposb KaliHo- 
309), § —orT 0,0045 no 0,0060%, 4 — or 0,0060 no 0,0100% (oca- 
ounble nopogpl), 5 —cspue 0,0100% (ByukaHoreHHbIe nopozbi 
Me3030s1), 6 — MHHepaJIbHble HCTOUHHKH, CogepKautue Jo 10 9kB.% 
xmopa, 7 —tTo xe, 10 »9xB.% — 25 9xB.%, 8 —TO me, > 25 
3kB.%, 9 — paHOHBI NOBbIMeHHOH KOHUCHTPalHH YyIrieKHCJIbIX rHy- 
POKap6oHaTHO-XJIOPHAHbIX BOL 


OCTaJIbHbIe THIbI MOPOk Kak MarMaTHYeCKHX, TaK H OCAMOUHbIX XapakTepH3y- 
¥OTCA OTHOCHTCJIBHbIM MOCTOAHCTBOM B COJe€pxKaHHH XJOpa. 

IIpupegqeHHbie B STOM paOoTe TaHHble NPHOTKPbIBaIOT HHTepecHylo CTOPOHy 
XHMHUECKOH SBOJIIOIHH 3€EMHOM KOPbI, CBHJCTEJIbCTBYA O TOM, YTO TAKOH JIerKO- 
“JI€TYYHH KOMMOHEHT, KaK XJIOP, KOHI[EHTPHpyeTCA Ha MOBEPXHOCTH 3eMJIH Ovla- 
ToapA ero NOCTOAHHOMY BLIHOCY H3 riyOUH. OTOT BbIHOC OCYIeECTBIAeTCA M0 
KpaHHeH Mepe JJByYMA NyTAMH. Bo-nepBbix, B pe3yJIbTaTe MeTaMOpdu3ma Ocasou- 
HBIX NOPO (BTOPHUHHIN, y2xKe BKOUABLUMHCA B KPYFOBOPOT XJIOp) H, BO-BTOPBIX, 
MarMaTHYeCKHMH TpoleccaMu (1OBEHHJIDHBIM XJIOp) — B Bue BYJIKaHWueCKHX 
BOSTOHOB HW THjpoTepM. 

OJHMM W3 BepOATHBIX MPOABJIEHHH PHAPOTepMaJbHOH JeATebHOCTH ABJIA- 
¥0TCA YIVIEKUCIbIe TULPOK apOOHATHO-XJOPUAHble BOAbI, OOPasyioulHe KOHMEHTPH- 
¥YeCKHe OPeOJIbI BOKPYr BYJIKAHHYeCKNX MACCHBOB B TEKTOHO-MarMaTMYeCKHX 
pationax QnpOpycckou ByKaHMUeCKOH OOacTH (pHc. 2). 


j Tloctynvuio 
| 12 XII 1960 
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Joxrnagn AkaqemMuu HayK CCCP 
1961. Tost 139, Ne 2 


TrEOXHMH #f 


Ynexn-Koppecnonjent AH CCCP H. E. CTAPHK, Jl. C. HHKOJIAEB, 
1O. B. KYSHELOB u B. K. JIETHH 


COOTHOWEHHE PARWYOAKTHBHOCTH QCAAKOB 
A3OBCKOrO H 4YEPHOrO MOPEM 


Msyyenue paquoakTusyoctu UepHoro mops (1) Heo6xoquMo paccMaTpHBaTb 
B cBa3H c AsoBpcKHM mMopem. Hecmorpa Ha TecHy!O rHApomOrMyecky!0 CBASb | 
M@KLY HHMH, 00a BOAOeMA HMEIOT CYLICCTBEHHbI€ OTM4UNA, HAYHHAA OT MOpdo- | 
MeTPHUeCKHX TapaMeTPOB H KOHYaA (H3HKO-XHMMYeECKHM H Ta3OBbIM COCTAaBOM, 
rHAPOJIOTHYeCKHM MH TeMIe€paTYPHbIM Pe@XHMOM, CH3HKO-reorpadvyecKHMH H 
TeOJIOTHYeCKHMU YCJIOBHAMH HT. Jl. 

OdwupHaa sMTepaTypa, NocBaAujeHHad A30BCKOMY MOpI0, He CosepxKuT 
JaHHbIX 110 payMOaKTHBHOCTH Bosoema. I lepBbIMH HW EAMHCTBEHHBIMH JaHHbIMA TO 
3TOMY BOIpOcy SABJIAJIMCb CBeHeHHA 10 | 
KOHUeHTpaluH ypaHa B Boze As3o0BcKoro 
mops (3,2 -10°§ r ypaua Ha 1 1), momyueH- 
upie VM. E. Crapuxom, J]. C. Huxosae- 
BbiM, ®. E. Crapux, O.C. Menuxoson (?) 
mo HccJIeqopaHHsam 1951 r. Koxnexntpa- 
WHA MpyrHX paHOIIEMeHTOB B BOsaX HU 
JIOHHEIX OTO%KeHHAX A30BCKOrO MOpA 
ocTaBaslach HeH3BecTHOH. Ja BocnomHe- 
HHA STOTO mpo6esa seTomM 1959 r. Hamu 
ObIIO BbIMNOJIHeEHO OOcIeMOBaHHe A3OBCKOrO 
MOPS. 

Dacwet B mpotuBonosiox*KHocTth UepHomy Asos- 

CKoe MOpe BeCbMa Me€JIKOBORHO (Trsly- 

6uHa No 13,5 M), xopolo aapupyeTcA, JHUIeEHO CepOBOAOPOAHOTO 3aparKeHHA, 

HMeeT HHTCHCHBHBIM OeperoBOH CHOC. Bee 3TH uepTbt Zenaior AsopcKoe mope 

BeCbMa MOXOXKHM Ha MpHOPexKHbIe ;pahOHbI CKeaHOB. STO B CBO OUeEpeb MaeT 

OCHOBaHHe NpesnosiaraTb, YTO pacipeseJeHve PaLHOIJICMEHTOB B OCAJLOUHBIX KO= 

JoHKax u3 A30BCKOrO MOP OJDKHO HMETb TOT 2Ke XapakTep, 4TO H B MpHOpex- 

HbIxX yacTax Oxeana (°), HO OyfeT pe3KO OTH¥YATbCA OT BEPTHKAMbHOrO pac- 
TIpeAeeCHHA PaHORIEMeCHTOB B YEPHOMOPCKHX OCasKax, 

Jl npoBepkKu STOrO NpeATONOKEHHA MbI HCCEROBAIH TPH KOJIOHKH JOHHBIX 
ocay.Kos 43 AsoscKkoro mops: cranmus Ne | (45°38" c. m., 35°38’ B. 4.), craHyHA 
No 2 (45°51’ c. m., 36°11’ B. a.) w cranuua Ne 3 (46°03’ c. m., 36°42’ B. a.) 
(puc. 1). OcaqouHble KOJIOHKH C 3THX CTAHIMH MpeACTaBJIeHbI OMHOTHIHBIM Yepe- 
JOBaHveM HWJla C pasIMYHOH BapHallMelt OKPaCKH OT TEMHO-CepbIx JO romyOoBa- 
TbIX TOHOB, COMep2Kaulero BKJIOUCHHA MeJeMHNOA, C MPOCOAMH CIVIOWIHOrO pa- 
KYWIC4YHHKA C MOJUMHEHHLIM CozepxKaHuem Ha (10—30% oT o6bema mopogEt). 
Hwxuue aacTtu KOJIOHOK, c 3—3,5 M, MpeAcTaBsIeHbI Coulee NJIOTHBIMH HJ1aMH,. 
Ne€peXOAAMHMH B IWIOTHBIe PIMHbl CepOro HJM MKeJITOBAaTO-rowlyOoBaToro WBeTa 
C H€paBHOMepHO BKJNOUCHHbIMH paKOBHHaMH Neswemwmnog. Ha orgeitbybix ropH- 
30HTAX PAKOBHHDI! NeeWuNO, OOpasyloT CAMOCTOATeJbHbIE MPOCIOH pakyweurHH- 
Ka MOIHocTbIo 2—2,5 cm. IlonyyeHuple 9KCNEPHMeHTAJILHbIe JWaHHble NpHBee- 
Hb B TaGw. |. 
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BepTukasibHoe pacnpefeieHve KOHIeHTpalHi payMosmeMeHTOB B OCcaKax 
A30BCKOrO MOPs MpescTaBsieHo Ha puxe. 2. 

M3 paccmotpenua Tada. 1 4 puc. 2 clleqyeT, uTO BepTHKasbHOe pacnperene- 
He PayMOs/IEMeHTOB B OCaNKax A3OBCKOrO MOPs HOCHT Ooviee OL HOPORNB, cra- 
2KCHHBIH XapakTep, 4YeEM B OCAaI- ; 
kax UepHoro mops (1) nan B U Th los Ska 
ry 6OKOBOJLHBIX OKe€aHCKUX 
ocaykax. 

Hexkotopoe uckioyeHHe Cco- 
CTABJIACT TOJIbKO BEPTHKaJIbHoe a 
_ pactipenesieHve TOpuA, Bapwa- = 
| S 

s 


6 
of 


HH B COJepaKAaHNH KOTOPOTO IIO 
BepTHKaJIH B OCaTKax A30BCKO- 


J 1015 20-10 


TO MOPA MOUTH TaK Ke 3HayH- 0 100. 200 300 400cm 
TeJIbHbI, KaK HW B ocaKax Uep- Cmanyus N*] Anuna Konowku —> 
HOrFO MOPS. 


No 
A€comoTHoe —colep»KaHne U Th Io sa 


palHOSIeMeHTOB (ypaHa, pa- 
MA, TOPHA HM WOHHA) B OCal- 
Kax A3o0Bckoro Mops mpH6uH- 
3HTe€JIbBHO TaKOe Ke, KaK H B 
IIpHOpeKHbIX OKeAHCKUX OCAaII- 
KaxX, HO HeCKOJIbKO OTJIHYHO 
OT COJepKAaHUA PayHor/IeMe HTOB 
_B ocagKax UepHoro mops. 0 aD 700 TO EH 

PaccmorTpmun Goulee MO[LPOOHO Cmanuyun N2 ST. CRIN 
COOTHOMeHHE CofepxKaHHl pa- 

TMOaKTHBHBEIX 3JIEMCHTOB B OCal- U Th IonsRa f 
kax UepxHoro u Asopckoro Mo- 
pe. 

Y pau. Ocagxu As3o0BcKo- 
rO MOPA B HECKOJIbKO pa3 6er- 
Hee ypaHOM, 4eM BEPXHAA 4acTb 
ocaikos UYepHoro mops. Ha 
pc. 3 mpHBeyeHbl cpesHHe co- 
epxKaHwA ypaHa B ocaKax 
A30BCKOrO MOPA WH B BepXHUX ; 
yacTAx ocaiKoB UepHoro mops. Cmanyuan3 
Kak BHAHO H3 3TOTO plcyHKa, 

KOHUeHTpallua ypaHa yBeJH- Puc. 2 

YHBaeTCA NPH Mepexose OT ocay- 

koB A30BCKOrO MOPA K THMHYHBIM rviyOOKOBOAHBIM ocaqKam UepHoro Mops. 
CpeqHaa KOHUeCHTpaluMaA ypaHa B ocalKax A30BCKOrO MOPA cOcTaBAeT 
1,3-10°§ rHal runa, a Qn BepXHHX TOPH3OHTOB THNHUHBIX ry6OKOBOLHBIX 
ocagkos YepuHoro mops 5,7 -1078 r/r. 

Tipu BEcCeHHM CpeqHHX KOHICHTpalWA ypaha B BepXHHX YaCTAX OCALKOB 
(coppemMeHHbIe ocagku) UepHoro MOps He NPHHHMAJINCh B pacueT HHKHHE VaCTH 
OCaOUHbIX KOOHOK (HoBodBKCHHCKHE OCaKH), TaK KaK 3TH TOPH30HTH OOpa- 
30BaJIMCb, 10-BHHMOMYy, B yCIOBHAX pexuma Uepnoro mops, OTMHYHOTO OT CO- 
BPeMEHHOLO. STO 3aksIO“eHHe CAe1aHO HaAMH HCXOA H3 3HAYNTeIbHO MeHbILero 
cofepKaHHA ypaHa B HHMKHHX YaCTAX OCAOUHEIX KOJIOHOK Uepnoro mops (7). 
MoxKHo Npexno00xKUTb, YTO (POPMHPOBAHHe OCALKOR, CArajonlux HWKHMe YaCTH 
KoJIOHOK UepxHoro Mops, MpoucxosHs0 B PUSHKO-XUMHYECKHX YCJIOBHAX, 6JH3- 
/KUX K (PM3HKO-XHMMYeCKUM YCJIOBMAM OCalKOOOpa3z0BaHuA B COBPeMCHHOM A30B- 
/ckom mope. BaxkHefiliuM 43 3THX YCJIOBHH, MO-BHHMOMY, ABJIAJIOCb OTCYTCTBHE 

_cepoBoxoposHoro 3apaxKeHHus. 
j Topuk uw HoHUH. CpeqHAA KOHWeHTpalluA TOPHA YMeHbIUAeTCA NpH 
nepexoye oT ocaqkos Asopckoro Mops kK ocagkKam Yepnoro mops. Cpequad KOH- 
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Teague 


* 


PacnpegeieHue paquosiemeHToB B ocagkax As30BcKoro MOpA 


, Thy 1G; has ’ Th, 
TopusouT, cM nto rr | 10, m10-M r/r | .t0-8 rfp | n-40-8 r/r cake pee Tue 
Crauunua No 
0—14 By) 0,8 IE AA 4,5 0,6 10,0 
79,5—85 6,4 174 Geis! by. (0) 6,0 0,4 9,8 
159—164 4,2 10 0, tf (0) ie 0,4 Da) 
198—204 Bees 120 to)-3) ‘Vee Sain 0,4 6,9 
317—323 ho (Ope dite, 1044 6,3 1,4 Lag 
425—429 Woe 0,07 20,0 ieee, 6,0 10,0 AWG, 
Crauuua Ne 2 
Cate 8,0 Om allayne Nee, 6,6 6,0 es (0) 
147—122 8,9 0,8 APR) AeA 8,0 Lott 10,0 
2H ei 8,9 0,6 LORS 1 6,4 ATES Ce 
313—323 9,3 0,6 Dae 2, st AS 11,0 
420—425 8,6 Ae 2 JA 9 AWD Bn ORG 8,0 
A052 8,9 Ou. maso 20,0 dual o,6 >10 ies) 
Crauuua MB 
OE =alhl 52 sill 9,8 WS Bat ORs 6,5 
419—127 U8 0,6 4246 ao) oad Noe 8,4 
249—256 9,4 Ae MG 1G Bo tl 0,7 la) 
368—373 6,2 A VAs AWA 4,1 nD Gie 
452 —A97 He’) jhe Wher) Ae D0 Dy d A230) 
580—584 | 8,0 slate) 10,9 Ake ONG ORS aw 


WeHTpalu HOHHA, HaOOOPOT, B STOM HalipaBJIeHHH HECKOJIbKO YBeJIMUHBAeTCH 
(pic. 3). OTOT @akT HW HeEOJMHAKOBOe BePTHKaMbHOe pacmpeseseHHe TOPHA U 
MOHMA B ocaqKax Uepuoro (*) u AsoscKoro mopeli (pc. 2) HaBOXMT Ha MBICJIb 
O pa3JIMUHbIX POPMAaX MOCTYMeHHA TO- 


vite woe pa pHa H HOHHA BMopcKHe ocagKH. MoxHo 
ee we ae IIp€AMOOMKUTb, YTO OCHOBHAA 4YaCTb TO- 
we pe Th _ PHA TepeHOCHTcCA B MOPCKHe OCaqKH C 
shh : OCTaTKAMH TePPpHTeHHbIX MHHEePaJIOB, B 
8 TO BpeMA KaK OCHOBHAaA YaCTb HOHHA, 
5+ 6 ae i a Pe I10-BHJ[HMOMY, OCeLaeT 43 MOPCKOH BOLE, 
4b 4 ° mocule ero O6pa30BaHHA H3 pacTBOpeH- 

at 2 oo eee HOrO B Boge ypaHa. 
jis sae Tigaiaatstiaa soem Spec clekyeT OCTAHOBUTHCA Ha COOT- 
gpuppeter tae Yepwoeo mops HOMCHHAX «MHHEPaJIbHOH» (T. €. 3aKJIO- 
(cmarquu O17, 179 = yeHHOH BHYTPH MHHepaJioB) H «aycopo- 


IHOHHOM (T. €. OCAKICHHOH 3 BObI 
Ha wacTHlax ocaiKa) opm Th u Io. 

OcHOBHas 4acTb Topus B ocagkKax A3oscKoro Hu UepHoro mopelt HaxoguTcs, 
110-BHAMMOMY, B (OPMe BHYTPHMHHEepa/IbHbIX BKIOYeHHH. Jia MOHHA KapTHHa 
HECKOJIbKO YCJIOKHAeTCA: B OCawKax A3OBCKOrO MOPA, COCTABJICHHbIX MOUTH MOdI- 
HOCTbIO H3 OOJIOMOUHOTO MaTepHasia KOHTHHEHTaJIbHOTO MpOWCXOMMeHHA, 3Ha- 
YHTeIbHAA YaCTh HOHHA HAXOMHTCA Take B (POPMe BHYTPHMHHEPaJIbHbIX BKJIIO- 
YeHHH, B acopOMpoBaHHOM 2Ke Ha uaCTHIax OCalKa COCTOAHHM HOHHA JOJDKHO 
ObITb CP aBHUTeIbHO HeMHOrO. MMeHHO NOSTOMY, BEPOATHO, HECOOTBETCTBHE B Bep- 
THKAJIbHOM pacnipeyesenuH HOHMA M TOPHA B OCAMOUHBIX KOJOHKaX H3 A3O0BCKO-_ 
TO MOPA MpOABAAeTCH ene He OUeHb pe3KO. 

B orauyue of 3Toro, B ray6oKOBOAHHIX ocagkax UepHoro MopA OCHOBHas 
YaCTbh HOHWA OCaLMNaCb M3 BOI, TOMA KaK OCHOBHAA YaCTb TOPHA NO-MmpexHeMy 
MIPHBHOCHTCH C TeppHreHHbIMH MaTepHalaMH. STO MpeAMOOKeHHE MOATBEPK- 
AaeTCH AHTHOATHEIM BEPTUKAJIbHbIM pactpekeseHHeM HOHUA HU TOPUA B rayOoKo- 
BOJHBIX OcayKax Yepnoro mops (1). 
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Puce. 3 


‘ 
 Pagun. Cpenyuaa semuunHa aOcomoTHOH KOHUeHTpalHH pamua B ocal- 
kax A3opcKoro mops (7,2 10°18 r pagua Ha | rusa) nouTH coBnagaeT co cpeqHelt 
KOHUeHTpalveh paqusa B ocaykax UepHoro mops (*). aa payquoakTHBHOro paB- 
HOBeECHA Me@XKLY ypaHOM H payNem B OCayKax A30BCKOrO MOPA JOJMKHO OblIO ObI 
comepxateca 4,4 -10-* r panna ua | r ocagqKa. CneqopatesibHo, ocaqku A30BCKO- 
|ro Mops cogepxKaT oKovio 40% palua CBepxX paBHOBeCHOrO KOJINYeCTBA C Cosep- 
*KallMMCA B HHX ypaHOM. OTOT H36bITOK PallHA B JOHHBIX OTNIOKeHHAX A3OB- 
CKOrO MOPA Mbl OObACHACM AKTHBHBIM MpOWeCccOM COpOWHOHHOH ceMMeHTAalHH 
Pad Ha B3BeECH, BKJIOUaA, OCOGeHHO, KOJWIOHAHO-AMCMepcHyto ee 4acTb. Ocaxk- 
HeHMIO OaronpHuATCTBYIOT MeJIKOBOL- 
|Hoctbp A3opckoro MOps H_ Jierkax 


— 72 
B3MY4HBaeMOCTh JOHHBIX OCaKOB BS 
HEM J,a2Ke IPH HEOOJIbUIHX BOJIHEHUSX. Rely 
Kak yKe oTmeyaocb (°), gaa = 
OK€aHHYeCKHX OCAKOB XapakTepHO 3 
peskoe mpeBbilleHHe colep»KaHus & : 


TOPHA Hal CoyepxKaHHem ypana (or- 
HOUIeHHe TOPHA K ypaHy H3MeHsHeTCA 
oT 4 no 25 u Goutee). 

Ha pue. 4 A mpenctaBieHbl KpH- 
BbI€ BePTHKaJIbHOoro pacmpeleseHHa 
OTHOWICHHA TOPHA K ypaHy Awa uc- 
CJIEMOBAHHBIX OCAJOUHbIX KOJIOHOK 
u3 AsosckKoro mops. Mp BuquM, 4TO A 100 200 300 400  S5O00cM 
OTHOWeHHE TOPHA K ypaHy B ocal- of ES eae 
Kax A3opcKoro mops sBcerga Bulle 3. ey 
SamMeTHM, STO H JIA HHKHUX Yac- 

Te KOJOHOK UepHoro MOpA OTHOWEHHe TOPHA K ypaHy TakxKe mpeBbiuavo 3 (+). 

Js OCaqkoB OKeaHHYeCKOTO THMA OTHOMeHHe pala K ypaHy id BepXHUX 
wacTeH KOJIOHOK BCerla NpeBbilliaeT paBHoBecHoe 3HayeHHe. AHaJiOrH4Had KapTH- 
Ha HaOmoyaeTcA Ha BCeX H3Y4CHHBIX TOPH30HTaX OCaqKOB A30BCKOrO MOpA 
(cm. puc. 4 5) 4 HWKHMX YaCTAX KOJOHOK ocayKoB UepHoro mops. 

Takum oOpa3som, H3y4eHHe pacnpesevieHHA PayHoOIJIeEMeHTOB B ocayKax Uepxo- 
ro H A30BCckoro Mopeli moKa3aJl0, 4TO CHelHHUHbIE YEPTLI OCaRKOOOpa30Ba- 
HHA OTYETIMBO OTPaxKaloTCA Ha KOHIEHTPalHH HW pacpeleseHHH ypaHa H MaJIO 
Ka3bIBaloTCA Ha H3MCHCHHH KOHICHTPalHH TOPHA HW pakua. ITO MOKHO OODAC- 
HHTb HCXO{\A H3 3ABHCHMOCTH CBOHCTB H COCTOAHHA YKa3aHHbIX 9JICEMCHTOB B pac- 
TBOpe OT PUSHKO-XHMHYECKON XapaKTePUCTHKH CaMoOro pacTBopa. 


Omnowenue Ra/U 
~~ AD NCO 


/, 
= 


Tloctynuso 
1 II 1961 


HWHMTHPOBAHHAA JIMTEPATYPA 


We Crapwus,f.C.Huxoaaes, l0.B.Ky3nenos,B. kK. Jleruu, TAH, 
nao wememereory. *? ME CtrapuK, D.C. Hunkoadesn, ©. E. Ctrapuk, O. C, 
Meauxkosa, Tp. Pag. uuct. AH CCCP, 8, 250(1958). 3 HW. E.Ctrapux,l0.B. Ky 3- 
Henos,C.M.Ppameuxo, M. C. ®peukanux, Teoxumus, Ne | (1958), 
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ornann AxaqemMun Hayx CCCP 
1961. Tom 139, Ni 2 


ITAJIEOHTOJIOPFHA 


A. M. MEJIBEJEBA u HW. K. YENHKOBA 


O PROTOLEIOSPHAERIDIUM SOREDIFORME TIM. 
H PR. CONGLUTINATUM TIM. H3 HE®TEM HW NoOPor 
BOJIFO-YPAJIbBCKOH OBJIACTH 


(ITpedcmaeazeno axademuxom IO. A. Opaoseim 22 III 1961) 


IIpH u3yyeHuH OpraHWyecKkHX OCTATKOB H3 NavleosolckHx HedTel Bo.ro- 
YpaIbcKOH OOlacTH HapaAyy C 3aBeAOMBIMH CnopaMmu Oblmn OOHApyXeHI CBOeOO- 
JaSHbIe OPranwyeckue OOpasoBaHHaA, MpelcTaBssAlouHe CoOoH OKpyrvible (opm 
Je3 leIH PasBep3aHHuA, C TialKOH HJIM WarpeHeBOl MOBEPXHOCTbIO, C MHOPO- 
THCJICHHBIMM CKJIaqKaMH CMATHA, C AHametTpom 0,01—0,001 mm. B otuanune oT 
tMOp, BCTPeYalOMHXCA B BH OTICJIBHLIX POPM, 3TH OOPa30BaHHuA OOBIYHO HaG.I10- 
\aroTca B BUJe CKONJeHHH, COCTOAWIHX OT 2—3 opm Jo 40 u Goutee. 

Tloqo6uble o6pa30BaHHA Ob BCTPpeyeHbI HAMH B JIEBOHCKUX, KAMCHHOYTOWIb- 
abIX H TepMCKHX Hedrax. IIpu nccieqoBaHuH mpoo AeBoHcKHX HedTei (Kpacuo- 
apKa, cKBaxkuHa No 16; Basan, NeNe 295, 239; Tytima3pr, NoNe 319, 888; 
Moxposxa, Ne 90; Pomamrkuuo, Ne 503) 6biio ycTaHoBJIeHO, ITO ITH (POPMbI COCTaB- 
astoT 10 30% u Goslee OT BCero KOJIMUeCTBAa Cop B Upobe. B Takom Ke KosMueCT- 
3e OHH BCTPe4eHLI B MpoOax KaMeHHOYyroJbHBIx (MyxaHoso, cKBaxHHa Ne 21; 
Kpacuoaspxa, Ne 120; Ilyryposo, Ne 10) u nepmckux Hedreit (Koxaupr, Ne 180). 
5. B. Tumodeesrmm B pate mpoO JeBOHCKHX, KAMCHHOYIOJIbHBIX HW NepMCKHX 
aepteH Ypaso-[lopomKbaA TakxKe ObIWIH BbI-eIeHLI 9TH CopMpt (*). 

BecbMa HHTepeCHO, YTO B CIOPOBO-IIbIIbUCBbIX KOMIIJICEKCAX, BbIJeJICHHBIX H3 
{€BOHCKHX, KAaMCHHOYFOJIbHbIX WH Me€PMCKHX MOPO, BMCWLaIOULHX 2TH HePTH, T0- 
KOOHBIX OO6pa30BaHHH BCTpeyeHO He Obiwlo. OHaKO Mp H3y4YeHHH CHOpoBo- 
TbIIbIeBLIX KOMHJICKCOB 3 OTJIOMKeHHH Oosilee APeBHUX, YM KEBOHCKHE, MOZO6- 
HbIe OOpasoBaHHA Obi BCTPeyeHbI HAMH B MOPOMaX HHKHe- WH BepXHeOaBJIHH- 
2KoA cBuT (Bopomy.MHO, cKBaxkuHa Ne 1; Cay36aueso, Ne 2; UIuxan, Ne 5), no 
yHuduunpoBanHon cxeme 1960 r. oTHeCeHHbIX K MpoTeposolo H HH2KHEMY KeMO- 
DMIO. 

CpaBHeHve pacCMaTpHBaeMbIX OpraHH¥eCKHX OCTATKOB H3 NOpog OaBsHH- 
2Koli cBuTH Tlepmckxoro IIpuypanba wu nameosolickux Hedpteli Bouro-YpanpeKon 
DOMaCTH NOKAa3bIBaeT HX NOMHYy!O HAeHTHGHOCTS. MB TOM, HM B Apyrom cy4ae 
yKa3aHHble (OpMbI He MMEIOT IeIH pa3sBep3aHHA, XapaKTePH3y!IOTCA OMMHAKO- 
3bIMH CKYJIbIITYPHbIMH 3JIeEMeCHTAaMH HM XapaKTepOM CKJIaOK CMATHA. OHM CXOMHbI 
FakxKe MO XapakTepy CKOMJeCHHH WH NO pasMepaM. 

YuuTblBad, YTO aHaOrH4HbIe POpMbI OWI HaleHbl B APeEBHUX OTJOMKeHHAX 
24a paftonos Esponelickolt uactu Coosa nj CuOup, MOoxKHO TOBOPHTb 00 UX 
THOCHTE/IBHO WIMpOKOM MpocTpaHcTBeHHom pacipoctpaneHun. Tak, H.C. Hay- 
MOBOH H3 [[peBHuXx cBuT SanaqHoro cKoHa LOxHoro Ypasa nofxooune PopMbl 
‘SpiuiM omucanbt Kak Leiotriletes minutissimus (7). 5. B. Tumoceesbim TaKkue 
26pas0BaHUA Ob BCTPeueHbI B TOKeEMOPHHCKHX HM KeMOPHHCKHX Mopowax IIpu- 
Santuku u Bocrounol Cu6upu u Haspanpt Protoleiosphaeridium congluti- 
yatum (opm c warpeHeBoii MoBepxHoctbio) u Pr. sorediforme (raaqKue dop- 
mbt) (°,°). E. B. Un6puxosoit nogo6ubie o6pas0BaHHA HalieHbl B APeBHHX CBHTAaX 
Bawkupun (°), 
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Tipupoya ynomanyTbIx O6pasoBaHHli HeocTaTouHO acHa. Oxpyriaa opma, 
XKEJITEI BET, paSMePbI JesaioT HX NMOXOMHMH Ha CIOPbI, BMECTe C TEM HaxorwKJe- 
HWe HX B BH CBOCOOPa3SHbIX CKOMJICHHH, OTCYTCTBHE eM pasBepsaHuA MO*Ke 
NOCTaBUTb MO, COMHEHHE IIpHHAaIExHOCTh HX K ClopaM HM BOOOMIe K pacTHTeJb- 
HbIM OCTaTKaM, TaK KaK 3TH OOpa30BaHHA BHeLHe HeECKOJIbKO HaNOMHHaIOT Ha- 
YaJIbHbIe XHTHHOBbIe KaMepbl dopamuHudep. Jia paspewieHua sTorO Bompoca 
HaMH ObWIO MpOBeLeHO HCCeqOBaHHve STHX OOPas0BaHHH B YbTpadpuoseTOBOM 
cpete. Kak Opiio ycranosuieHo W. Ellof u V. Bosazza (*), u3yaaBluMM xHMHUe- 
CKHH COCTaB XHTHHA, MOCeAHHH B YIbTpa@HoeTOBOM CBeTe aeT APKO-rosy6o 
cBeyenne. Hamu B yJIbTpapvosIeTOBOM CBeTe IPOCMaTPHBaJIHCh, C OMHOK CTOPOHH!, 
WHCTHIL XHTHH WM XHTHHH3HPOBaHHbIe YaCTH HACeKOMBIX, a C APyroH — MCKO- 
MaeMble CHOPHI, MbWwIbla H KyTHKYyvibl. M3yqeHne BevIocb B YJIbTpadHOJIETOBOM MH- 
Kpockone MJI-1 8 npoxogamem cBete. Bce opranuyeckue OCTaTKH Kak U3 NOpon, 
Tak HW U3 HedTel MpOCMaTPUBaJIHCb B NOCTOAHHBIX lipenapaTax, MPHrOTOBJIeHHBIX 
Ha MInWepHH-xKesaTuHe. B Takux Ke MpenapatTax u3sy4aluch H XHTHHUSHPOBAaH- 
Hble OOpas0BaHin. OKasalocb, YTO YHCTHIH XHTHH CBETHTCA TOJyObIM CBeTOM; 
TaKOe Ke CBEYeHHE LalOT XHTHHH3HPOBaHHble YaCTH HACEKOMBIX (YCHKH, Janik). 
SapeomMble CNOPbI, MbiWIbla H KYTHKYJIa JaloT pa3JIMYHbIe OTTCHKH 2XeJITOTO 
wBeTa; TOUHO TaKOe 2%Ke 2%KeTOe CBeyeHHe aH MW MCCIeMyembie HAaMH OOpasoBa-| 
HUA. TakuM O6pa30M, MOXKHO MoJaraTb, YTO JaHHbie opranvyeckune OOpasoBaHHa | 
KYTHHH3UPOBaHbI H, CJICOBATeJIbHO, HMeIOT paCTHTeJIbHOe MpoHNcxoxmenHe. | 
KocBeHHbIM JOKa3aTeJIbCTBOM B IlOJIb3y HX PaCTHTeJIbHOTO MPHCXOwKJeHuA AB- 
JideTCA YCTOHYMBOCTh 9STHX (OPM NO OTHOWCHHIO K KHCJIOTaM. Becb MaTepHai, 
B TOM 4uCJIe H U3 He*TeH, OOpabaTHIBaJICA COMAHOK U A830THOM KuCIOTaMH. XUTHH 
*Ke pH noxoOHow OOpaboTKe pactsopsetca (1). Ilo-BuyuMomy, 3TH dopMbI AB- 
JIAIOTCA TPHMHTHBHDIMM KOJIOHHAJIbHBIMH BOJOPOCJIAMH, MOABHBIIMMMCA elle 
B OKeMOpuiicKoe Bpema. Hamu coxpakeHo 3a HHMH yCJIOBHOe Ha3sBaHHe Proto- 
leiosphaeridium, mpeqviowxenHoe B. B. Tumodeesbim, nockoJipbkKy nox mpevio- 
XKeCHHBIM paHee Ha3BaHHeM Leiotriletes minutissimus Naum. noHumaroTca He 
TOJIbKO YIOMAHYTHIe OOpasoBaHHA, HO H OAHHOUHbIC CNOPbI C XOPOWO pasBHTOK 
IleJIbIO MpopacTaHHus. 

Vsayuenne Protoleiosphaeridium conglutinatum Tim. u Pr. sorediforme 
Tim., Hapsazy c ApyrumMu npo6semaTHuHbIMH OpraHHueCKHMH OCTaTKaMH, BCTpe- 
YaIOUMMHCA B OOJIBIIOM KOJIMYeCTBE B J PCBHHX OCaTOUHbIX MOposax HM HedTAx, 
lIpMoOpetaeT, HECOMHEHHO, OoJIblIce 3HaYeHHe Kak JIA CTpaTurpaduu STUX OT- 
JIOWKEHUU, TaK H JIA PeWICHHA BayKHOFO BOMpoca O MHIpallHu HedpTH. | 


Tloctynuso 
20 III 1961 


IWMTMPOBAHHAS JIATEPATYPA 


1T. B. Lposgos a, Yen. copp, 6von., 47, B. 38 1989, °C He Waym os ance 
MOMTT, 1, org. reom. (1951). % 5B. B. Tumogees, JIAH, 105, Ne 3 (1955). 4 B. B. T a- 
Mo dees, Mudopm. 6ionn. BcecoiosH. HepT. Hay4yHo-ncc. reonoro-pa3B. HHCT., Ne 1 (1958). 
°B. B. Tumodees, Jpesueitmaa gnopa TIpu6antuxu, M., 1959. © E. B. Un6- 
p4koBa, JIAH, 95, Ned (1954). 7 W. Eloff, V.Bosazza, Nature, 141, 608 (1938). 
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Joxrxagn AkagemMun wayrxr CCCP 
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HHTOJOTH 71 


H. A. JIEBEQEBA 


BJIMAHWE HH3KHX TEMMEPATYP HA MOP®OJIOr KIO 
XPOMOCOM BHJLOB KAPTO®EJSA 


(IT pedcmaeaexo axademuxom H. B. Luyunoim 6 I 1961) 


Muorve HcculeqoBaTesH CTPeMHJIHCbh HCMO/Ib30BaTb MOPGOOrHIO XPOMOCOM 
B KayecTBe HayexKHOTO CHCTeEMATHYECKOFO MPH3HaKa, a TaKKe WIA BbINCHeEHUA 
@uJIOreHHM Tex HIM Apyrux BugoB pacteunii (*~°,1). 

OjHako clehyeT 3aMeTHTb, YTO MOpdosIorMa XpomMocoM KakKoro-sH60 Bua 
pacTeHHH He ocTaeTca cTporo Heu3meHHOH. M. C. Hapawmu (°,°), ycTaHoBul 
H3MeHeHHe MOpdoIOrMueCKHX NPH3HAKOB y xpomocom mpH ru6pupusannn. Ja- 
Jiee, B OMHOM 43 Oonee NO3qHuX paGoT (*), OH MHUeT, UTO BHELIHHe NPH3HAKH 
XPOMOCOM HE MOTYT CJIYKUTb HalexKEOH xXapaKTepMCTHKOH KapuHoTunMa, Tak Kak 
TIOMBEPIKeHbI CHJIbHOH H3MCHYHBOCTH OT pxAa NOOouHHIX mpuuHH. JI. H. Jeno- 
He (1) oTMeuaeT, 4TO NON JelcCTBHEM OXx/axKeHHA nepey PukcalHew B TeyeHHe 
12—48 uac. xpoMocoMbl y HEKOTOPHIX CJIOMKHOIBETHHIX, MMJCHHIL W pxKH YKopa- 
YMBaIOTCA HHOMLa UpHOMsHTeIbEO BABoe. HekoTopbie uccJIeqoBaTeH yKa3bl- 
BaloT Ha H3MeHeHve pasmMepoB xpomocoM mpu nowunsongzun (1!,1?,14). Kpome 
STOTO HEKOTOPHIMH HCCJIeELOBATeIAMH OTMC¥CHA CHJIbHaA 3aBHCHMOCTh BeJIMYMHbI 
XPOMOCOM OT BHEUIHHX YCJIOBHH, B KOTOPbIX mpouspactaeT pactenue. [Insc (1%) 
nosyaua y Viola conspersa mpu yyo6penuu pacTBopom docdopHoOH KUCJOTHI 
yBeuMueHHe OObeEMAa XPOMOCOM B 2 H Jlaxke B 4 pasa N10 CpaBHeHUlo C TeM BapHaH- 
TOM, KOTOPBIM NOJIMBaJICA BOXOMNPOBOZHOK BORON. 

Mbt co cBoel CTOPOHbI TaK%KE MOXKEM MOATBEPAHTb, YTO PacTeHHA OAHOFO U 
TOrO Ke Bua KapTo*esA, BbIPaeHHble B HeOMATOMPHATHBIX YCJIOBMAX, OTJIH- 
YaIOTCA MEHbIIHMM pa3sMepaMH KJIeTOK H HMeIOT Coulee MeJIKHe XPOMOCOMBI, 4YeM 
y pacTeHui, mpovspacTaromlux B ONTHMAJIbHBIX YCJIOBHAX. 

B noceqHee BpeMA MHOrHe HCCJIEMOBATeIN H3y4aJIM BOSAeHCTBHE XOIOLa Ha 
MOpoOJIOrHIO XPOMOCOM; IIpH 9TOM BBIACHHJIOCbh, YTO B Pa3JIMYHbIX yuaCTKax 
XPOMOCOME! COKpalllaloTCA pa3JIM4YHO MH CTeIMeHb COKPalleHHA MOMKET CYKUTS 
y HEKOTOPHIX POOB BUAOBLIM UHAMKaTopom (°,°,!”). Xetie u Hoy (*°) onpegzesu- 
JM, UTO B KeTKax KopHa Vicia, Trillium, Paris noce o6pa6oTkKu xouoxoM yBe- 
MgquBaeTca cosepxanue JLHK. 

Mop@o.siorua XpOMOCOM, OCHOBaHHaA TOJIbKO Ha BHEIIHeEM HX M3yyeHHH, He 
MpelcTaBiseTcCaA HaM JOCTaTOUHO HaexKHbIM CHCTeMaTHYeCCKHM TIpH3sHakom. Ha 
JJaHHOM 3Talle Ppa3BHTHA WHTOMOTHH MOpdoJIOrHio XpOMOCOM CJleqyeT M3y4aTb 
B COUCTAHHH C H3yYeHHeM UX (PH3HKO-XHMHYCCKHX CBOHCTB. 

Hactosmas pa6ota npescTaBsaeT Co60I TOKO HeOOJIbLY10 NOMbITKY 9kcne- 
PHMeHTaJIbHOrO Nos_Xosa K H3yYeHHIO MopdoviorHH xpomccom, B mporecce WHTO- 
NOTHYeCKHX HCCIeqOBaHul MbI YaCTO MpHOeradH K OXJIaKMeHIO MPOPOLIeHHbIx 
CeMAH HI KyOHeH KapTodena nepey dukcawueH KOPeLIKOB C IleJIbIO MOCTHYb 
- HEKOTOPOTO COKpallleHHA XPpOMOCOM H HX HalJlyulliero pacroJlIoxKeHHA B MeTa- 
dbase muTo3a. IIpu 3ToM HaMH OblJIO 3AMeYEHO, UTO peaKILMA XPOMOCOM Pa3JIHYHBIX 
BHJOB KapTodeia Ha NOHMAKeHHE TemMepaTypbl Ha COBCeM TOM eCTBEHHA. STA 
peaks ObWia npocnexeHa Ha pale AHKHX M KYJbTYPHIX BUOB KapTodessA 
pasJIMGHBIX CHCTeMaTHYeCKHX pynn. 
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CemeHa HIM KIYOHH KapTodesia NpopallHBaIMCcb, HPWH KOMHATHOH Temmepat y- 
pe (17—18°). C ogHOH MoOBHHBI STOrO MaTepuala CpesaIH KOHYHKM KOpHeH 
M (pukcupopasu Ux. [IpenapatTbl, MpArOTOBJIeHHble H3 STHX KOPELIKOB, CJyKHIH 
B KayecTBe KOHTposa. J[pyryio 4acTb MpopauleHHbIX CeMAH H KJyOHeH nepey 
buKcauueli nompepramm oxsaxKjeHuio Wo 1—2° B TeyeHne 12 ac. 3aTem c HUX 
OLICTPO CpesaJIH KOPellKH H PUKCHPOBaIH. OuKCaUMIO KaK OXJaKEHHOMO, TAK 


H HeOXJIaKTCHHOTO MaTepHaJla 


TipOHSBOAUIM Mp Temmepatype 18—20° no 


Hapaumuy (10: 4: 1). Mpopogka"Benacb ycKopeHHbIM MeTogoM (*). Okpacka — 
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Puc. 1. Comaruyeckan metadasa: 7 —'Solanum 
tuberosum (2n = 48) 6e3 oxuaxKyeHHA, 2 — 
S. tuberosum ¢ oxslaxgzenvem Jo + 1° B Teyvenue 
12 uac.; 3 — S. punae 6e3 oxmaKeHua (2n = 
= 48); 4—S. punae c oxmaxgeHvem to +1° B 
TeueHHe 12 yac.; 5—S. demissum 6e3 oxsiaxKje- 
HHAe(2n = 72); 6 — S. demissum c oxaxyeHu- 
emHo-+1° B TeuenHe 12 uac. Cpe3bl KOHYHKOB 
KopHeh. 2500 X; penpog. | : 2 


WINX OBaJIbHbIX 


Tele H axe llapHKos, 


KOMOMHHpOBaHHaa: 


TEMaATOKCHJINH 


Denfenraiinac moxkpackolH 303HHOM. 
Y Bcex BHJOB KapTodeia mpH 


OXJIaXxKTEHAM XPOMOCOMBI COKPpalilaroT-  ~ 


CA, HO CTeneHb 9TOTO COKpallleHHA y 
pa3sJIHUHbIX BHAOB pa3sMuHa. Y Bula 
Solanum gibberulosum Juz. et Buk. 
XPOMOCOMBI OTJIHYaIOTCA 3HAUHTEJIb- 
HOH JJIMHOH, MpH OXJlaxK_eHHH OHH 


CHJIbHO COKPalyaloTcs, 


HOT BCeR Ke 


OCTaIOTCA MpoomroBaTbimMH. Y Bua 
S. tuberosum L. xpomocomb TakxKe 
OTJHYAaIOTCH 3HAYHTeJIbHOH WIMHOL 


HW CHJIbHOHU 


PaC4JICHEHHOCTbHO, ITIpH 


OXJIa%KCHHH OHH COKpalllaroTcsA OUEHB 
He3HAUHTeJIBEO, PaCUJICHeEHHOCTbh UX 
coxpansetca (cm. pue. 1). Touxo Tak 


“Ke pearHpyloT Ha 


OxXJIaKTeHHe H 


IIPHMHUTHBHbIe BHALIS. kesselbrenneri 
Buk., S. phureja Juz: et Buk.,.S: 
rybinii Juz. et Buk. u mMHorve AuKue 
Bub: S. verrucosum Schlechtd., S. 
macolae Buk., S. maglia Schlechtd. 

Cpev Bcex HCCJIeOBaHHbIX BHOB 
oco60e BHHMaHve TIPMBJIeKJIM BUJIbI 
cepuu Acaulia Juz., S. punae Juz. 
uw S. schreiteri Buk. u pug S. demis- 
sum Lindl. Y qByx cucTemaTuyecku 


OJIMSKUX 


ButoB — S. punae u S. 


schreiteri—npu oxsaxyeHun fo +1° 


XPOMOCOMBI 


COKPpalllaroTcHr OUeCHb 


CHJIbHO H TpHoOperaioT BU HeOOJIb- 


‘BCAKaA 


pacuJleHeHHOCTh 


ucuesaet (cm. puc. 1). Y Buna S. demissum mpv TakoM Ke OXaKTeEHNH XPOMOCO- 
MbI COKPalllaloTCa TaK K€ CHJIbHO H NOTH BCe MpHoOpeTatoT PopmMy WiapHKOB, 
6 XpOMOCOM B IVWIlaCTHHKe MeTada3bl HeCKOJIbKO KpynHee Mpyrvx MU OBaJIbHOL 


cbopMpr (cm. puc. 1). 


QTo cBolicTBo xpomocom S. schreiteri, S. punae u S. demissum pearupoBaTb 
Ha OXJl@K]@HHe MAKCHMAJIBHBIM CK ATHEM COXPAHAeCTCA KM B MOJMMJIONAHBIX Pop- 
MAX 3THX BHOB (cM. puc. 2), H, TO Camoe HHTepecHoe, OHO COXpaHsAeTcaA HB Hu6- 
PHax STHX BUOB C JLPYrHMH BUamu (cM. puHc. 3). 
IIpopactus cemMeHa OT CKpelljHBaHHH OKTOMION_OB S. punae u S. schreiteri 
(2n = 96) c cenekUMOHHEIMH copTaMu Bua S. tuberosum Hu 3aTem MOABeprHyB 


HX CHJIbHOMY OxJlaxKeHHIO Wo + 1°, MBI MOyuHIH B MacTHHKax MeTacpasbl— 


XPOMOCOMBI JIByX THIIOB: 48 XpOMOCOM B BHJ[@ M@JIKHX OBaJIbHbIX TeJIell, COBeEP- 
IM€HHO He paC4JICHeHHbIX, H 24 XpOMOCOMBI Ooviee J\JIMHHbIC, C ACHO 3AMCTHBIM 
PpacuJIeHeHHeM: C Pa3/[BOCHHbIMH KOHI[aMH, CO CYTHHKaMH HT. 2. Y 48-xpomo- 
COMHBIX THOpHLOB TeTpansonyoB S. schreiteri u S. punae c S. tuberosum npu 
OXJlAKCHHH B MeTa(a3HbIX IIaCTHHKAaX HaC4UHTHIBAaIOTCA 24 KOPOTKHX XPOMOCO- 


MbI 4 24 JMHHBIX. 
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= 
3aTem” HCCJIeELOBaJIHCh rHOpHAb MomeKkanviouyza S. demissum (2n 


144) 


C CeJI€KUMOHHBIMH CopTamu Bua S. tuberosum; 3TH rMOpHyLI noce CHIbHOFO 
OXTAKNCHMA B MlaCTHHKaX MeTapa3bl MHTO3A HMEIOT TakK?Ke XPOMOCOMBI JIBYX 
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Puce. 2. Comatuyeckasa metada3a: J —S. punae oxronsony (22 = 96) 
6e3 OxJlaKeHHA; 2 —S. punae,oKronmong c oxmaxyeHHem fo,+1° 
B TeyeHHe 12 uac.; 3 — S. demissum, qonekannouy (2n’ = 144) 6e3 
oxXJlawKneHua; 4 — S. demissum, moyekanwony c oxslaxKeHHemM JO 
-+-1° B reuenne 12 uac. Cpespi KoHUNKOB KopHeli. 2500 X; pempon. 1:2 


THNOB: 72 XPOMOCOMEI OYeHb KOPOTKHE, MOUTH IapooOpasHbie, H 24 xXpoMocoMEL 
Ooslee JJIMHHbIC, C XOPOINO 3aMeTHbIM pacueHeHHeM. 


Bo3MoOxKHOCTh TpocelHTb B rHuoOpune 


XPOMOCOMBI PomHTeJeli, C OHO! CTOpo- 4) Yi yee 
HbI, MMeeT '1pakTHuecKoe 3HayeHue, Tak s*8, ae Wi 0S, 
2 eq p 
Kak MO3BOJIN€T yCTaHOBHTb rvOpuyHoe “1p? EN AY +4! aw a 
MIpOHCxowMeHHe TOrO HIM Apyroro pacte- >) re mA ’ We 
HHA, a c [pyroli — TeopeTwueckoe sHaye- “? Sed ys ay rc 6 
HHe,:yKa3bIBad Ha TO, YTO He TOJIbKO Ipo- 1 wees “ee aS 
HCXOMHT BHECeHve POUTeAMH ONpeesteH- ey ee RY) 
HOTO HCA XpoMocoM B TrHOpHy, HO Vive e —<¢ 2e 
o @ 

M CBOMCTBa STHX XPOMOCOM COXpaHAIOTCA Urge? OL ele 
B HOBOM OpraHu3me. oy Ves Pag 

UceneqosaB xapakTep coKkpalleHHs er eee Sy % y 
XPOMOCOM IIPH OXslaxKeHHH y OoJIbIIOrO SP on fey 


KOJIHYeCTBA BYOB KapTodea, MbI OOHAa- 
Py2KHJIH, YTO CHJIbHbIM C#KATHEM XPOMOCOM 
Ha OXJlaxKeHHe OTBEYAIOT TOJIbKO MOPO30- 
CTOHKMe BHI, T. €. TakHe, KOTOpbIe BO 
BPeMA BereTallHH CMOCOOHbI IlepeHOCHTh B 
TeyeHHe HEKOTOPOrO BPpeMeHH. MOHMKeEHHE 
TemlepaTypbl 20 MuHyc 2—8°. K Takum 
BuaM oTHOcHTcA S. punae, S. schreiteri, 
S. demissum u HekoTopple Apyrue. UrTodsi 
IIPOBEPUTb 9TO MOJIOKEHHE, MbI 3aIOKHVIH B 
oaHy uamky IlerpHno 100 cemaH Tpex Mo- 
posocToHkux BugoB (S. punae, S. schreiteri 
u S. demissum) u no 100 


CeEMAH UYeTLIPEX HeEMOPO3OCTOHKHX 


Puc. 3. ComatTHyueckKHe metada3bi rH6pH- 
nos: 1 —S. punae (2n = 48) & S. tu- 
berosum — 24 RMHHBIX nu 24 KOpOTKHX 
XpomMocombI; 2—S. punae (2 n = 96) 
S. tuberosum —24 yqumuuupix u 48 6oslee 
KOPOTKHX Xpomocom; 3—S. demissum 
(2n = 144) x S. tuberosum, — 24 anuu- 
HbBIX H 72 KOPOTKHX XpomocomBl. Ileper 
(pHKcamveH  mpopociive cemeHa O6bIWIH 
NOABeprHyTh oOxaKyeHHIo fo +1° B 
TeueHHe 12 vac. Cpes3bl KOHUHKOB KOp- 
Hen. 2500 X; pempog. 1 : 2 


BHLOB 


(S. gibberulosum, S. tuberosum, S. kesselbrenneri uS.verrucosum). Korga 
_CeMeHa MpoOpoc.M HM KOpelIKH HX NOCTHIVI 5 MM, OHH ObWI MOLBeprHyTbl OxsaxK- 
qeuuio B Teuenue 12 yac. qo —1°. 3aTeM 4aCTb KOPeUIKOB OblIa 3apHKCHPOBaHa. 


14 JLAH, rv. 139, Ne 2 
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‘B kopemkax MOpo30cTOHKHX BHAOB Mbl OOHAPy2KUIM OObINHYIO KapTHHY: B Je- 
JIAUIMXCA KJI€ETKAX XPOMOCOMBI CK AaIMCb JO WapHKOB. B kopellikax HeEMOposo- | 
CTOHKHX BYOB XPOMOCOMBI CJIMIJIHCb B OMMH KOMOK, H B HeEKOTOPBIX KJIeETKaXx 
MOXKHO ObWwIO OOHAPy2KUTb pacmal xpomocoM. KvleTKH pH 3TOM He ObLIH To- 
BPeK CHI HW COXpaHHN cBOH OObMHEIM Buy. Ilo ucreyeHHU CyTOK Nocse Oxax- | 
JleHUA Y C€MAH HEMOPOSOCTOHKUX BYOB KOHYMKM KOpHel, re pacnomomwexa 
30Ha pocTa, NOTeEMHeJM WH OTMePJIH, a Y CCEMAH MOPO3OCTOHKUX BHOB KOPEIIKH | 
MpolowkKasH pacrH. 
Ormupanue TKaHelt B KOpelliKax HEMOPO3OCTOHKUX BHAOB KapTomeA pH Ox- 
NaxK]eHHM MPOMCXOAUT He BCJIeCTBHe OOPa3OBaHHA KPMCTAaJJIMKOB JIba B M@xX- 
KJICTHHKAX, a BCJIECTBHe NOBpexKJeHUA MH pacnaya XpOMOCOM. 
Jlaxke HeKOTOpble CHCTeMaTHYeCKH OIM3KHe BHAbI, Takue, Kak S. demissum u 
S. verrucosum, npHHaluexkanlve kK ofHOH cepuu Demissa Buk., HeoquHakoso pea- 
PM PYIOT Ha OxslaxkeHHe: y MOposocToHkoro S. demissum Np¥ OXJaxKeHHH xXpo-— 
MOCOMBI CXKHMAIOTCA JO WapHKOB, a Y HemoposocTolkoro S. verrucosum OHH 
CJIMMalOTCA B KOMOK, HM KOPellIKH OTMHPaloT. OTH PaKTbI JalOT HAM OCHOBAHHe M0- | 
laraTb, YTO MOPO3OCTOHKOCTb BHAOB KapTodeiax CBA3aHA CO CIIOCOOHOCTHIO- 
XPOMOCOM COXPaHATbCA MPH NOHWKEHHbIX TemMilepaTypax, OTBeYaA CKAaTHeEM Ha 
3TO NOHHKeHHe. 
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Jloxxaym Akawemuu nayx CCCP 
1961. Tom 139, Ns 2 


PHCTOJIOFH fA 


H. A. MAKCHMOBHY, H. ®. FOJIYB u B. M. BOPOJAN 


M3SYYEHHE METOJIOM JIKOMMHECILEHTHOUW MUKPOCKONMU 
W3MEHEHHH B KYJIBTYPAX AMHHOTHYUECKHX KJIETOK, 
SAPA)KEHHbIX BHPYCOM TIOJIMOMHEJIUTA 


(ITpedcmaeaeno axademuxom A. B. Ilaaaadunom 22 IT 1961) 


C Tex nop Kak Eujepc c corp. 20Ka3aJl BO3MOXKHOCTL pasMHOXKeHHA BUpPyca 
NOJIMOMHeIUTA B KYJIbTYpax IKCTPaHeBpaJIbHOH TKAHM MH OMMCa/ TAK HasbiBae- 
MbIM WHTOMATOreHHEI scppexT (1949—1951 rr.), BHwMaHWe MHOFHX YYeHBIX OBIIO 
HalpaBJIeHO Ha H3yyueHHe OoJlee TOHKHX MeXAHH3MOB B3aMMOJleHCTBUA Bupyca 
MOJIMOMHeEHTa C YUYBCTBUTEJIbHBIMH K HeMY KJIeTKaMH. 

Ja U3Sy4eHHA CTPyKTYPHBbIX H3MeHEHHH B KJIeTKaX OblWIH HCHOJIb3OBaHbI pa3- 
HooOpasHbie MeTogEI: 1) dasokoHTpacTHad MukKpockomua (1,7); 2) sieKTpOHHas 
MHKPOCKONHA YJIbTpaTOHKUX cpesos (*,*); 3) ompeqeseHue AaHTHTeHa B KJIeTKaXx 
C MOMOILIbIO *OOpeCUUpYyIOUMX aHTUTe m0 MeTo,y Kyuca (°); 4) pa3mHu4Hpe 
METOMbI THCTOJIOFHYECKHX OKpacok KysibTyp (°"?°), 

STH WCCeMOBaHHA MOKAa3aH, YTO B 3apaxKeHHbIX BUPYCOM MOJIMOMHeIUTAa 
KJICETKAX MOMKHO HaGOLaTb Goviee UJIH MeHee XapakTepHble H3MeHEHHA, CpeqH 
KOTOPbIX OTM€YCHO H3MCHEHHE BeEJIMYMHEI H (OPMbI CAMO KJI€TKH, BakyOJIM3a- 
WHA WHTOMMA3MbI, OOPas0BaHHe BHINAYHBaHHH WIM «OaXpOMbI» TIO €€ OKPYXKHO- 
CTH, JedopMallua, H3MeCHEHHEe BEJIMYHHbI HM MeCTONMOJOXKeHUA Apa UW ALPbILUKa, 
MUTOXOHApul. Kak 4 pu HEKOTOPHIX APyrux BUPYCHbIX HHPECKUHAX, B KJIETKAX 
HaO/MOLaIM OKCHDHJIbHbIe, OCMHePHIbHbIe HM Oas0c:pHJIbHbIe OOpa3s0BaHHA, Ha- 
3bIBAeMBIe TeIbIaMH «BKJIIOUeCHHAMH». BpeMaA MOABJICEHHA ITHX ereHepaTHBHbIX 
M3MCHEHHH Pa3IHYHO B 3aBHCMMOCTH OT yCJIOBHH Hu KoJIeOeTCA OT 4—6 4acoB 
ocule 3apaKeHHA JO HECKOJIbKHX Hel. 

Bpllo yCTaHOBJIeHO, YTO XapaKTep H3MeCHEHHH He 3aBHCHT OT THNOBOK NpH- 
HaIeKHOCTH BUpyca NoOMOMHeIHTA. OfHaKO BOIIpoc O cneluPu4YHOCTH NaTo- 
JIOrHYeCKHX H3MCHEHHH B 3apaxKeHHbIX BHPyCaMH MOJMOMMeIHTa KJIeTKax 
HeJIb3A CUHTATb PeINeHHbIM, H MpoG/lema JaSopaTOpHOM AHarHOCTHKH MOJIHMOMHe- 
JIMTa Ha OCHOBe XapakTepa BbI3bIBAeMBIX MMH B KJICTKAX H3MCHEHHH HyKLaeTca 
&B (laJibHeHleM H3y4eHHH. 

Mbi peliuM U3Y4UTb M3MCHEHHA B AMHHOTHYCCKUX KJI€TKAX, 3apayKeHHBIX BU- 
PYCOM MOJIMOMHeIHTA, C IIPHMeHeHHeM JIKOMHHECIEHTHOTO MeTOJa MHKPOCKOMHH 
Ip BOSOyxKMeHMU CHHEe-PuOeTOBOrO CBeTa HM IPH OOpaoboTKe MepexUBAaIOIUX 
HW pacTyWMx KJeTOK akpHMHOM OpaHxeBbIM. B mocuieqHee BpeMA STOT METOL 
NO3BOJIMJI MOJILYYHTb HHTepecHble AAHHbIC MPHMeHHTeIbHO K PAY 2KMBOTHBIX U 
PaCTHTeJIbHBIX BUpycos (11~1%). 

-Matepuaa uw mMeTOANKa. B onbite IpHMeHAJHCb BUPyCbl MOIHO- 
muenuta: | Tuna (wTammbl JlyropcKoli u Bpyxgen), II] Tuna (wrammpt OBpunHHH- 
xospoi u MEF,), III tuna (urammur Jleon u Saukett). 
_ [ramp supyca novimomHesmta Opiiv Noutyyexb! 43 Mucrutyra no usyaeHnio 
nowHomuenuta u Muctutyta 10 MpHroTOBJIeHHIO MPOTHBOMOJMOMMEJIMTHBIX Tpe- 
napatos. IIpeqpaputTebHble ONbITH! MOKa3aIM, 4YTO BCe LITAMMbI BBI3bIBaIOT 
XOPOIMO BbIPaxeHH iO (Ha 3-+ u 4-++) erenepaluio KyJIbTyp KIeTOK oMOP BONAR: 
HOH TKAHH HM aMHHOTHYeCKHX OOOVIOUeK. 
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IIpuHrotTopam@enHue aMHHMOTHYeECKHX KYaAbTYP. Kyap- 
TYPbI H3 AMHHOTHYCCKHX KJICTOK HSPOTOB/AJIM MO MeTOANKe, ONMCAaHHOH Hamu 
B 1957 r. (1’), c TOH JIMMIb pasHuuen, uTO BMeCTe C TPHNCHHH3SHPOBaHHbIMH KJIeT- 
kamu (300—400 THIc. KleTOK) B MpoOHpKe NMOMeLaIH MOKPOBHbIe CTeKVJIbILIKH, 
Ha KOTOPBIX IIPHKPelJIAHCb H paspacTaJIMCb KJIETKH, MOABepraBlvecA BIOC- 
JI€ACTBHM 3apaxKeHHIO BHPYCOM MOJIMOMHeINTa HW uSy4eHHIO. B onbIT WIA 3apa- 
*KeHUA Opa KYJIbTypbl O—6-2HEBHOrO BO3PaACcTa, T. €. MOCJIe OOpas0BaHHA KJeT- 
KaMM CIVJIOWNHOTO CJIOA pocTa. 

SapaxkeHue KYJIbTYP OCYIIECTBJIAJIOCh MaCCHBHbIMH J0o3amu Bupyca (1000 
TILT 50). Msyuenue kyibTyp (3apaxKeHHbIX H HOPMAJIbHBIX TOTO 2%Ke BO3pacTa) 
mpoBoyuiocb yepes 12; 24; 48 wu 72 vaca, Aa “ero KyJIbTypa AMHHOTHYECKHX 
KJI€TOK, BbIPalleHHbIX Ha MOKPOBHOM cCTekuie (3apaxkeHHawd MW HOPMaJIbHaa), 
HakJIaj[bIBalaCb Ha MpeAMeTHOe CTeKJIO C HAHECCHHOM Ha Hero KanweH akpuuHa 
opaHKeBoro B pa3sBegeHHH | : 20000 Ha docdatHom Oydepe (pH 7,2—7,4). 
KyJIbTypbl IpOCMaTPHBaJINCb B JIKOMHMHECLEHTHOM MuKpockone (MJI-1 ¢ pryTHor 
namnon CBJ, pusmprppr CC-8, CC-4, *xenTEi duubtp T-2H), a yacTu4Ho toTo- 
rpapupoBaiucb Ha WBeTHoH mueHKe JIH-3. 

PesyabTaTb., HesapaxkeHHble aMHHOTHYeCKHe KJI€TKH TOTHaC Mocse 
TPHNCHHH3aNHH TPH JIKOMMHECIEHTHOM MHKPOCKOMNHH MIpeCTaBJIAIOTCH ACHO 
OYePYCHHEIMH C H3YMPY/HO-3eJIeHbIM APOM H TYCKJIO-3eIeHOH WUTOMIAa3Mon. 
nora B WATOMIa3Me 3aMeTHbI HEYETKO KOHTYPHpOBaHHble eMHHUHBIe Kpac- 
HoBaTHIe rpahybl. B aqpe xOpowlo pa3JIMYHMO AAPbIUKO Takoro %*Ke 3e/eHOrO 
upeta. B nocselyrouve cpoku (24, 48 uac.; 3; 4 u 5 cyToK) Ha6moasica noctTe- 
Nl@HHbIM POCT KYJIbTYP KJI€ETOK, KOTOPble COXPpaHAJIM OMHCAaHHbIA BbILIe BUI, pac- 
mowaraduch HeOOJIbIUIMMH rpynnamu no 4—6 KeToK. Hapsyy c HopMaJIbHBIMH 
KJleTKaMH TOTYAC MOCJIe TPHMCHHH3alHH HW BCe Moceyroulve HH MOXKHO ObIJIO 
TakKKe HaOJIOLaTb OTICJIbHbIC KJIETKH B COCTOAHHM HeKpoOuo3a. M3pecTHo, 4ToO 
HEKPOOHOTHYECKHE MPOMeccbl B KJIETKe IPHBOAAT K H3MCHEHMIO ee (bU3HKO-XH- 
MHYeCKOFO COCTOAHHA, CKA3bIBaIOWerocA Ha CTeMeHH MpOHHKHOBeHHA d.yopo- 
XPOM@ B BeIIeCTBO KJICTKH. 

IIpu o6pa6oTKe akpHHHOM OpaHxKeBbIM, B3ATOM JaxKe B OUCHb CaObIxX pa3- 
BeyeHuax (1 : 20000; 1 : 40 000), morn6atomaa KeTKAa MocTeneHHO TepsxeT 3e- 
Jenyio PlyopecleHHi0 Apa, CBOHCTBEHHY!O HOPMaJIbHOH KsleTKe. [[vTona3sma 
nmorHOaromjen KJIeTKH MOCTeMeHHO HayHHaeT LHppy3HO CBETHTbCH TYCKJIO-Kpac- 
HBIM I[BeTOM, APO TakxKe MeHAeT CBOIO OKPacKy OT H3YMPpyHO-3eeHOTO 
WO TYyCKJIO-KpacHoro, MepexoyA uepe3s BCIO raMMYy TOHOB (TaK Ha3bIBaeMbIli 
Strugger-effekt). Hapsany c ru6OHyuiumMuv, HaOsrofaioTcA uM ensmMeca 
KJICTKH. 

[Ip sapaxKeHHN KyJIbTYpbl AMHHOTHYECKHX KJI€TOK pa3sHbIMH BUpycaMH Mo- 
JMOMHeIMTAa HaOsOLaloTCA WereHepaTHBHble H3MeCHEHHA KJIETOK, BPeMA MOABJIe- 
HHA KOTOPbIX HM CTeIMeHb BbIPaxKCHHOCTH 3aBHCAT OT Pa3JIHMYHbIX YCJIOBHH (1034, 
CBOHCTBA KYJIbTYPbI, MHTATeJIbHOH cCpeyb u T. I.). [I]pu u3yyeHuu B BO30yxKeH- 
HOM CHHe-CPHOJIETOBOM CBeTe MOXKHO OTMETHTb Cue yIOUINe H3MeHEHHA MO CpaB- 
HeHHIO C HOPMAJIbHbIMH KYyJIbTYpaMH TOTO 2Ke BoOspacta. 

Ha 1 cytTku pocta BHpyca HMeIOTCA JIMIIb HeKpOOHOTHYeCKHe H3MeHeHHA 
B 4aCTH KJIETOK, OTJIM4YAIOU[HECA OT KOHTPOJIbHBIX KYJIbTYP KOJIM4eCTBEHHO 
(OoIbIee KOJIMYeCTBO MOpaxKeHHBIX KJIeETOK). 

Haunnaa c 2 cyToK pocTa NOJIHOMHeUTHOFO BUPYCca B 3apaxKeHHbIX KJIeETKAX 
IMTOMJa3mMa pHOOpeTaeT KpaCHOBaTbIH OTTCHOK, B Heli MOABJIAIOTCA JOBOJIbHO 
OTYETJIMBbIe KpaCHble PpaHyVJIbl, CBHACTEIbCTBYIOINe OO YBEJIMYCHHOM KOJIHUECT- 
pe PHK, korTopbix B HopMe B AMHMOTHYeCKHX KJIeTKaX MOUTH He uMeeTca. Tpa- 
HHUbI KJIETOK CTAHOBATCA HeOTYCTJIMBbIMH HIM «OaxpomuaTbIMH». OTmMeuaioTca 
Takoke H3MeHeEHHA WH B Ape. B OTAeIbHbIX KJIETKAX ANPHILIKH CTAHOBATCA HOO 
MaJIO, JIMOO BOBCe H€SaMeETHBIMH, HO B OOJIBLIMHCTBe KJIETOK OHH YBeIMUHBAIOTCA 
M CBeTATCA KPaCHOBaTHIM CBeTOM. MHTeHCHBHOCTH JIOMUHECICHUMN Apa B Mep- 
BbIe HePpHORL! HHPHUMPOBAHUA YCHJIMBaeTCA, YTO MOXKHO CBA3ATb C eFO MHKHO- 
30M, 3aTeM ALpa BMECTO 3eJICHbIX CTAHOBATCA MOCTeMeCHHO %KeJITHIMH, a IPH Pu- 
Oe KeTOK — TYCKJIO-KpaCHBbIMM, Kak WH WHTOMIAa3Ma. 
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Takum o6pa3om, HaHOoulee ueTKHe pesyJIbTaTbI HaG/IOMaloTCs B NepHoy oT 2 
no 4 CyTOK KyJIbTHBHpoBaHuA Bupyca. B Oovlee no3qHue CpoKH, Mpomenuue oT 
‘3apaxKeHHA KYyJIbTYPbl TKAHH BUPyCOM NOJIMOMMeINTA, HaYMHaIOT mpeocbalaTb 
‘KJI€ETKH B COCTOAHHM HEKPOONO3Aa, HO B STH %Ke CPOKM HayMHaeTca Nerenepanua 
KJI€TOK WH He3apaxKeHHOW KYJIBTYPbI, YTO HE MO3BOJIAeCT MPULaBaTbh Kakoe-s1u60 
cnelupuyeckoe 3HayeHHe JereHepauHu KJIeTOK Ha TMO3HUX CpOKaX KYJIbTHBH- 
pOBaHHa. 

Sak atuenHue. Takum o6pasom, nolyueHHpe Hamu aHHbIe mpu u3y- 
YeHHM KYJIbTYPbl AMHHOTHYCCKHX KJICTOK, 3apaxKeHHbIX PaSHbIMH THMAaMH BUpy- 
Ca MOJIMOMHEJIMTA, MO3BOJIAIOT IPH3SHaTb HaJIMYMe B KJETKAX JIMIb OOMMX LHC- 
TpouyeckuX W3MeHeHHH, MPuBOAMNIMX K NMocTemeHHOH ruGenu KneTKH. Hu- 
_KaKUX BKJIOYCHHM B WHTOMNA3Me WIM XapaKTepHbIX JIA MONHOMMeNMTa W3Me- 
HeHHM Apa, 3a UCKJIOUCHHeM YBeJIHYeHHA ANpbIlIKa H U3MeHeEHUA XapakTepa 
CBeyeHHA ero, Ha KYJIbTypaxX AMHMOTHYCCKUX KJCTOK MPH JIOMHHeCHeHTHOH 
‘MHUKPOCKONHM HaM BbIABUTb HE YaJlOcb. 

B 93TOM HallIM UCCIeqOBaHUA NOsTBepxLaloT aHHbe J[anHeGexa, Bepuxkon- 
cba, Posuua, ApaksaHa, KOTOpbIe IPM pasJIMUHBbIX MeTOaX HCCeLOBaHUA CMOTJIM 
TaKKe BHIABHTb JIMIUb OOULMe JereHepaTHBHbIe U3MeHeEHUA Oe€3 KaKHX-JIN6O BH- 
PYCHBIX BKJNOYeHHM, TAK OTYCTJMBO BUJMMBbIX IPH HCKOTOPHIX JPyrux BUPYCHBIX 
MHeKUMAX (rpunne, SeeHcTBe, HH(eKUMOHHOM renaTuTe coOak HU Jp.). 

CrenyeT OOpaTuTb BHUMAHHEe TaKiKe Ha OTUCTJIMBbIM KPaCHOBAaTHIMt OTTCHOK 
WHTOMMIASMbI 3apaKeHHbIX KJIETOK, MOABJIAIOMIMHCA B CpoKH OT 24 jo 48 yac. 
Mocue 3apaxkenua. B pabote Akkepmaua, Jlou, Ilene (1°) qaerca oObacHeHHe 
stomy deHomeny. Msyuaa JuHaMUKY HaKOIVJICHHA HYKJICOMPOTeHHOB B MHUIH- 
POBaHHBIX BUPyCOM MOMOMHeIHTa KeTKax HeLa c npHmMeHeHuem payuoak- 
THBHOrO dboctopa P*’, apropam yasocb moKa3aTb 3ameTHOe yBesMyeHHve PHK 
B WMTOMMIa3Me MHPUWMPOBAaHHbIX KJIeETOK B CpOKH oT | Jo 7 vac. Nocle HAALH- 
posanua. Ilocne 48 uac. komuuectpo PHK nocteneHHo cHwxKaeTca. 

ABTOPbI IPHXOAT K BbIBOLY, UTO GombIIaa yactb PHK vu HoBOOOpasOBaHHbIXx 
HYKJICONPOTeCHHOB HMECT HE BUPYCHOe, a KJIeTOUHOe NMpoucxomeHne. IlocneqHee 
NOATBepxKaeTcA HW HaWIHMU JaHHbIMH. OTCyTCTBHe OrPpaHHYeHHbIX, ACHO oOYep- 
YeEHHBIX BKJIIOUCHHH, HCUCSHOBECHHE KPaCHOH OKPaCKH WHTOMIA3MbI IPH WJIATeJIb- 
HOM HaQJOJe€HHH, OYEBHAHO MO BO3TelCTBHeM PHOOHYKweasbl KJIeTKH,— BCe 
3TO FOBOPHT O KJIETOUHOM ee IpoMcxo*AeHHH. Boecte c TeM CuJleyeT IPHHATb BO 
BHMUMaHHe, YTO BUPYC MOJHOMUeHTaA ABJIACTCH OJLHHM H3 BUPycoB, HanOoee 
6oraTHIx (q0 24%) PHK (8). 

| IIpumMeHeHue MeTOMa JIOMHHECIEHTHOH MHKPOCKOMHH MOXET ObITb MOJIE3HbIM 
JA TOUHOLO BLIABJICHHA KOJIMYECTBA TOPHOalolluX KJICTOK, YTO MOKET YJIYULWATb 
NadopaTopHy1o0 WWarHocTuKy MOJIMOMHeIMTa. OHakO MbI Obl He PeUIHJIHCb 
YTBepKMaTb, YTO B OMMCHIBACMBIX JeTeHePaTHBHbIX H3MCHEHHAX KJeCTOK €CTb 
YTO-JIHOO XapaKTepHoe JIA MOJIMOMHeINTA. 


Vucrutyt HHeKUHOHHEIX GOoJle3sHel Tlocrynuto 
AkajleMHH MeJIHUHHCKHX HayK CCCP 22 II 1961 
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JI. C. KO3JIOBCKAS u E. H. KKAAHHAKOBA 


COBMECTHAS JEATEJIbHOCTb JO)KAEBbIX UEPBEM 
VM MUKPO®JIOPbI B JIECHBIX NMOUBAX 


(ITpedcmasaeno akademuxom B. H. Cyxaueeoim 25 II 1961) 


CoBMeCcTHAad JeATeJIbHOCTh JOKJEBbIX YeEPBeH MH MUKPOdOpHl OOecneunBaeT 
HanOoulee ObICTpoe H OarompWATHOe TeyeHHe MPOWeccoB pa3JIOXKeHHA PacTH- 
T@JIbHBIX OCTATKOB. IIpoBeqeHHbIe HAMM HCCJIeAOBaHHA NOKasaJiH, YTO CHMOHOTH- 
YeCKOe B3AHMOJEHCTBHE JOMKAEBbLIX YEPBeEH H MHKPOOPLaHH3MOB OCYUIeCTBAeTCA 
B KHIU€YHHKE JOXKMeBLIX YepBeH H Yepe3 HX IKCKPEMEHTHI. 

B KHINedHHKe OKAeBbIX YepBell HaXOJATCA HW pa3sMHORKaloTcA Te *e 
rpyllbl WH BHAbl MAKpOOpraHH3MOB, 4TO H B TouBe. Onako cmetudpu yec- 
KHe yCJIOBHA CYMLeCTBOBaHHA MHKpOviopbl B KHUICYHHKe, a HMeCHHO CO3- 
aHHe HelTpaJIbHOH peaKIUHH H3BeCTKOBbIMH KeJle3aMW, BbIeseHHe MH IUle- 
BapHTeJIbHBIX (P€PMeCHTOB, TOCTOAHHAA BUJlaxKHOCTb HM TemMepaTypa, Havia- 
raioT oTmeyaTOK Ha CocTaB HM KOJIMYeCTBO MUKpoopraHH3smMoB. I[lostomy 
pa3sJIMuuA B SKOJIOTHH OTJCIbHbIX BHOB OXKJEBLIX YePBeH OKa3biBa- 
1OT pellaiouee BJIHAHHe Ha XapakTep CHMOMO30B BHYTPH HX KHLUWeUHH- 
Ka. BmecTte c moy¥BoH B KHINeYHHK YyepBeH MpakTHYecKH MonaaloT Bce 
IpeycTaBJIeHHble B Hel TpPyMMbl MHKPOOpraHv3MoB, HO peoOaqaHHe T0- 
JYYatoT TOJIbKO Te H3 HHX, KOTOPble HaxXOAAT 3HeEpreTHYeCKHe MCTOUHHKH 
Jia cBoero pasBuTua. Tak, y Lumbricus rubellus, o6uTatomlero B BepxXHUXx CuJIO- 
AX MOUBbI HW MHTAIOULerOCA OTHOCHTEJIbHO CBeXKHM OaOM, HapsAyy C 3aMeTHbIM 
yBeJIMYeHHeM OOMero COLePxRAaAHHA MHKPOJIOpbl NO CPaBHEHHiO C MOUBOH, NOJy- 
yYaloT NpeoOsaaHHe TpyIMbl, MpHHHMaloWNe yuacTHe B HavaJIbHbIX CTAaMAX 
Pa3sJIOKeHHA OPFaHHyeCKO"LO BeLUeCTBA: YBeJIMYMBAeTCA aOcOJIOTHOe H OTHOCH- 
TeJIbHOe cojepxaHHe Jlyopeclupyloulux OakTepHii, CHM»KaeTCA cosepxKaHHe 
CHOPOBbIX OakTepHi H akTHHOMUUeTOB. B KuweuHHKe Octolasium lacteum, muH- 
TalOlWerOCA y2Ke YaCTHYHO Pa3JIORKUBIUHMCA OPPaHHYeCKHM BeUleCTBOM, OOuTee 
colepkaHve MHUKPO@JIOpbl OcTaeTCA MOUTH TaKHM Ke, Kak MH B NoYBe. O_HAaKo 
B COOTHOIMEHHH OTACJIbHbIX PYM MPOHCXOLUT TeperpynMupoBkKa: NOBbILIAeTCA 
COJepxXaHNe CMOPOBbIX OakTepHH HM AKTHHOMMILETOB, MIpHHHMAaIOMIHX yuacTue 
B lipolecce MMHepaMsalun OpraHnyecKoro BeUlecTBa Ha ero Ooulee ryOOKUX 
cTaquAX, HW MWaaeT yeJIbHbIM Bec Plyopecuupyloulux OakTepHit. 

OKCKPEMEHTH! OXKNLEBbIX YEPBEli MpeACTaBJAIOT OCOO GaroMmpHATHBI cy6- 
cTpaT, Ha KOTOPOM, M0 CpaBHeHHW C NOYBOH, 3AMeTHO YCHJIHBaeTCA MHKPOOHO\IO- 
rHyecKad J€ATEJIbHOCTb. OTO MpPOABJIAeTCA Mpexye Bcero B yBeHUeHHH B 10 u 
Ooulee pas OOuIero KOMMUeECTBA MUKPOOPraHu3MOB H OTACJIbHSIX TPynl HU BUOB 
UX, BOSPaCTaHHH COepxaHHA OakTepHH, rTpH6OB H AKTHHOMHILeTOB. OcoGeHHo 
Pe3KO YBeJIMYHBaeTCA YHCJICEHHOCTb OakTepHi, pasBUBaIOWMXCA Ha KpaxMaJloaM- 
MMauHOM arape, B CBA3H C YeM NOBbILIAeTCA OTHOIWeHHe KONMYeCTBa OakTepHi, 
HCHOJIbSYIOULHX MMHepaJIbHble HCTOUHHKH a30Ta, K KOJIMYeCTBY OakTepHH, Hc- 
NOJIbSYIOUIMX OPaHHYeCKHe ASOTHCTHIe COeEHHEHUA (Pa3sBHBaIOulHecA Ha MsACO- 
M€NTOHHOM arape). STO CBHAeTeALCTBYeT O Goslee 9HEPrM4HOM MpoTeKaHHUH Ipo- 
ecca pa3JlowKeHHA OPraHHyeCKOrTO BeLeCTBa B IKCKPeMeHTAX, 4YEM B HCXOMHOU 
mlouBe. 
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B 9KCKPeMeHTAX JOX*KEBbIX YepPBeli, Hapay c yBeMueHHeM OOuel UNCNeH- 
HOCTH MHKPOJIOPbI, 10 CpaBHeHHIO C NOYBOH, B KOTOPONi OHH OOUTAIOT, OTMee- 
_Ha leperpylimMpoBka B cocTaBe MHKpoopraHusmoB. YcHJIMBaIOTCA rpynbl 
‘BHAbI, YYACTBYIOULHe B pa3JIOX%KeHHU OpraHHyecKoro BellecTBa Ha Gosee rsry6o- 
KUX CTaMAX, Aa HMCHHO rpynma cnopooOpa3syioulux CakTepuii, AKTHHOMHIeTOB, 
cpequ Oallul ymMeHbilaeTca cojepxanue Bac. agglomeratus u yBemuunBaetca 
cofepxkanne Bac. cereus u Bac. idosus. B crepuibHO MomyyeHHbix 9KCKPeMeH- 
TaX OTMeYeHO 3HaUNTeIbHOe ycuseHHe Bac. megatherium u Bac. virgulus. Ha- 
Pay C STHM YMEHbINaeTCH OTHOCHTebHOe cCosepxKaHHe c.sTyopeciMp yroulux 
OakTepHH, YCHJIEHHO Pa3MHOMKAIOUINXCAH Ha CBeExKeH HM cadopasOxKUBUIelt- 
<A OpraHMKe. OTH BHIBOJLI MpPOBepeHbl Ha OMbITAaX CO CTePHJIbHO NOJIyYeHHEIMH 
SKCKPpeMeHTaMH. 

B pesyJIbTaTe JeATeJIbHOCTH BC€X BYOB JO*KTeBbIX YepBell MPOMCXOLUT 3Ha- 
quTeJIbHOe YBeJIMYeHHe MOABHXKHOCTH a30Ta. OHakO KOJINYeECTBO OCBOOOKal0- 
UleTOCA a30TAa Pa3JIM4HO Y Pa3HbIX BHAOB B CBA3H C XAPaKTePOM NHI HU OCObeH- 

“HOCTAMH CTpoeHHA HX MHUleBapHTebHOrO TpaKxta. Tax, Lumbricus rubellus, 
NHTAawOWMHCA MaOpas/OXKUBIUMMUCA PaCTHTeJIbHbIMH OCTATKAMH HM CBe>KHM Ona- 
JOM, OKa3bIBaeT 10 cpaBHeHnio c Octolasium lacteum 6oubimee BIMAHHe Ha NOL- 
BMXKHOCTh KaJIHA HM MeHbiee Ha MOXBMKHOCTh a3z0Ta. Octolasium lacteum, 
X*KUMBYIMH B TOPAHBIX MOyBaX 3a CUeT PasaralollerocH OpraHwyecKoro Be- 
IeCTBa, B OCHOBHOM BJIHAeT Ha MOJBUKHOCTH azoTa. Hanpapsenve eATeIbHOCTH 
JOKTEBLIX YepBeH MeCHACTCA B 34BHCHMOCTH OT BUja MOUBBI, CTEMeHH ee yBU1a2KHe- 
HHA, XapakTepa a9paunu. Tak, Hanpumep, Octolasium lacteum Ha u36bITOUHO 
YBJIaKHEHHBIX TOPDAHBIX MOUBAX OKA3bIBAeT Ha TOLBHXKHOCTb a30Ta, tocdopa 
M KaJIMA MeHbilee BJIMAHHe, YEM Ha NOUBAX C1a60-NOA3OJUCTHIX. B cBA3H C STHM, 
HeCMOTPA Ha TO, ¥TO OOIee KOJINYeECTBO H ONOMaCcCca JO*KTEBbIX YepBel B Ccw1a6o- 
MOA3O0JIMCTOH NOUBe B Ba pa3a MeHbILe, eM B TOPPAHOH, IpHHOCHMaA UMU TOJIb- 
3a B HeCKOJIbKO pa3 Ooubuie. BeposTHo, B CBA3H C YJIYUIWIeHHeM aspallHuvH TouB 
IIPOMCXOJMT H3MeCHeHHe (PU3HOJIOrHYeCKOH AKTHBHOCTH JOMKAEBbIX 4epBel. 

Bee 8TH ABJICHHA TECHO CBA3AHbI C COCTABOM MHKPOQWJIOPhI, MpOxosameh vepes 
KHII€UHHK JOKTeBbIX yYepBeli. CoBMecTHad enTesbHOocTb Octolasium lacteum 
HW MHKPOMJOPb! B Pa3JIMUHbIX THMAX NOUBbI MpoTeKaeT pasu4HO. B nossomMcTOH 
TIOUBe H3MeCHEHHE KOJIMYECTBEHHOTO COCTABa MHKPOdJIOPbI B 9KCKpemMeHTax Octo- 
lasium lacteum nogzo6Ho TakoBomy y Lumbricus rubellus Ha topdsHo-nepe- 
THOHHOHK TouBe. STO OOBACHACTCA TeM, YTO B MOLSOIMCTOH Mouse, OeqHOH opra- 
HHYeCKHM BeulecTBom, Octolasium lacteum nofqHuMaeTcA K NOBeEpXHOCTH H BeseT 

06pa3 *Ku3HH, NOZO6HbI Lumbricus rubellus, koTtoppii nocTosHHO OOnTAaeT BOVIH- 
3M MOBEpXHOCTH HM MuTaeTCA oMmayom. 

Bugospie ocobdenHoctu Lumbricus rubellus u Octolasium lacteum u pa3un- 
GHA UX SKOJIOTHM OTPaxKaloTcA B PasJIHYHOM XapakTepe H3MeHeHHA MHKPOOHOTO 
COCTaBa HX 9KCKPCMCHTOB. 

TecHad CBA3b 2KH3HEJCATEIbHOCTH JOXKEBLIX YepBeli C COCTABOM H KOVJIH- 
YeCTBOM MUKpOJIOpbl B MOUBE OKA3bIBaeT BJIMAHWe Ha HX JCATCJIbHOCTb B 30- 
HaJIbHoM pa3pe3e. Ilo mepe mpoABHxKeHHA Ha CeBep YBCJIMYMBAIOTCA PpasMepbl H 
BeC OTJ@JIbHbIX 9K3EMIMJIAPOB OJHOTO H TOTO %e Bua JOMKMEBLIX YepBeH, HO O6- 
jaa Ov“omacca Hu YNCIO OCcOGel Ha | KBapaTHbIi MeTP NOBeEPXHCCTH YMeHbIUNaeT- 
ca. OJHOBpeMeHHO yMeHbIIaeTCA HW (PH3HOJIOrHYeCKaH AKTHBHOCTb JOKEBbIX 
yepBe. KommuecTBo a30Ta, IPHHOCHMOrO JOX%KeBbIMH YePpBAMH Ha | r 2xuBOFO 
Beca B TOPAHOH Mowe, B MOA30HE CMeLIAHHBIX JiecoB B 1,5 pasa, a KasINa B7 pas 
Goble, YM B TOM 2e MouBe B Tare. 

Ilo Haliemy MHeHHI0, 9TO MPOHCXOANT Kak B pe3yJIbTATe CHUAKEHUA CPUSHOJIO- 
ruyeCcKOH AKTHBHOCTH CaMMX YepBeH, TAK H BCJIeCTBHe OCOOe€HHOCTel COCTaBa 
MHKPodlOpbl, C KOTOPOii OHM CHMONOTHYeCKH B3aMMOgelicTByIwT. J[eI0 B TOM, 
YTO MOUBbI cpeqHeli Taliru (BomorogcKad oGacTb B HaIMX UCCJIeqOBaHusAX) 
6enHee 10 cocTaBy MHKPOJIOpPbI, YeM NOYUBBI B MO3OHE CMELMIAHHBIX JICCOB: B HUX 

He BCTpeyaioTCA WIM OOHAPyXKHBAIOTCA B HeOOJIbINMX KOMMYeCTBAX HATPHdH- 

 KaTOpbl, a TakxKe a30TOOaKkTep. UncJieHHOCTh MUKPO@JOPH, PasBUBaIOMe lca 
3a C4UeT MHHEPaJIbHBIX HCTOUHHKOB a30Ta, XOTA M BbIINe, YM YHCJICHHOCTh 
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calpoduTHBIX OakTepHii, HO HX OTHOCHTeJIbHoe cosepKaHve HHKE, YeM B MOYBaX 
TOA3OHbI CMeIUAHHbIX JIECOB. ‘ 

Pasmmune B PHSHOJOrMYeCKOH JEATEJIbHOCTH JOMKMEBLIX YEPBeH CKAa3bIBaeTCA 
u Ha UX BAMAHHM Ha MuKpodsopy. B cpeqHel Talire powJlb WO*KTeBbIX yepBek 
B YCHJIGHHH MHKPOONOJIOPMYeCKOH AKTHBHOCTH CHW2KaeTCA MO CpaBHeHMIO C Hx 
poubio B MOM30HE CMELIAHHbIX JIecoB. B ycsIOBMAX CpeqHeli TalirM B 9KCKPeMeH- 
TaX JOXKEBbIX UePBeH, IPH OOULEM YBeJIMYeHHU YHCJICEHHOCTH MUKpoO(plophl, Cula- 
60 BOSpPacTaeT YICIbHbIM BEC MAKPOOPraHH3MOB, PasBHBaIOULUXCA 3a CYeT MHHe- 
PaJIbHbIX HCTOUHHKOB a30TAa, B MOM30He Ke CMELIAHHBIX JIECOB YfleJIbHbIi Bec 
3TOH rpyumbl Bo3pactaeT Ha 30—50%. Ilo cpaBHeHuio c nouBol cpeqHel Tarn 
OTHOCHTeJIbHOe cosepxKaHHe CNOPOBLIX OakTepHH CHMKaeTCA, CosepxKaHHe ak- 
THHOMUI€TOB MOBbIMIAaeTCA, HO MCHbILe, YEM B TOM30HE CMELIAHHbIX JIECOB. 

B TeyeHve BereTalHOHHOrO Mepvosa B JeATeJIbHOCTH JOMKTCBLIX YepBeH 
HaMeuaeTCH ONPeesieHHad CC3OHHOCTb, KOTOPadA CBA3aHa Kak C *u3sHOJIOrMyeC- 
KOM AKTHBHOCTbIO YepBeH, 3aBHCAMLEH OT YCJIOBHH CpeAbl, TAK HW C XapaKTepOM 
TIpHHHMaeMOH HMM MUM. Becuol, Kora ocule 3HMHero NepepbIBa BOSOOHOB- 
JIAeTCA pasOmwKeHHe OpraHnyecKorO BellecTBa (a NOTpeOseHHe ero BbICIUeH 
PAaCTHTeEJIbHOCTbLIO MCHbIUIe, YEM JIETOM), JOXKTEBbIe YEPBH OKA3bIBAaIOT OoVIbIUOe 
BJIMAHMe Ha MOABH2KHOCTb He TOJIbKO a30Ta, HO MW Kalua u Cocdopa. B cepeyu- 
He JleTa 9Ta CTOPOHA JeATeJIbHOCTH JOMHKECBLIX YEPBeEH 3aTYXaeT H OHH FIaBHbIM 
o6pa30M MOOnIu3yI0T as0T. MuTepecHo, YTO TakanH Ce30HHOCTb HaGsrOMaeTcA U 
B B3aMMOJeCHCTBHU JOKZEBLIX YepBeH C MHKpOdopoHu. 

Bauauue Ha MUKpodulopy OK AeBbIX YePBeH, XMBYWIUX B BePpXHHX FOPH3OH- 
tax (Lumbricus rubellus), 3anucuT OT BpemeHH roja B OoubIueH CTeMeHH, 4eM 
y uepBel, OOuTaiomlux Ha riyOuHe (Octolasium lacteum). B oceHHul nepuoy 
pu oOoraljeHHH BepXHHX TOPH3OHTOB CBeXKHMH PaCTHTeJIbHbIMH OCTATKaMH 
Lumbricus rubellus cnoco6cTByeT ycuJIeHHOMY Pa3MHOXKeHHIO MUKPOOpraHHs- 
MOB, Y4aCTBYIOWIHX B HauvaJIbHbIX CTAHAX Pa3sJIOKeHHA OPraHNyecKOrO BeLlectT- 
Ba. B TeyeHve JleTa ero BOSJeCHCTBHe Ha MHKpodblopy SOoee CXOHO C TaKOBbIM 
y Octolasium lacteum: akTHBU3HpyloTcA rpynMbl, MpoMsBo_AuHe Gomee riy6o- 
Ky!IO MHHepaJIM3alluio OpraHHyecKkoro BeleCTBA. 

Bo BpeMaA HacTylJieHHA 3aCyxH, Mp NepecbixaHuu Topdos, dusvosornuec- 
Kad J€ATeJIbHOCTh JOKAEBLIX YEPBEH PC3KO YMeHbIUIaeTCA WH OHH yxKe MOUTH He 
BJIMAIOT Ha JOCTYNHbIe paCTeHHAM a30T, ocdop u KaJuH. 

B3aHMOOTHOMeHHA JOXKJEBLIX YePBeH, MHKPOdJOpbl MW BbICIUMX pacTeHHi 
OUCHb CJIOMKHbI HM TECHO CBA3AHbI MeKLYy cob6ow. HanGoupiee BIMAHHE Ha yBeJIH- 
YeHHe TMOBHKHOCTH MHTATeJIbHbIX BeLECTB pacTeHul (a30Ta, dboctbopa, KaJiuA) 
JO*KeBLIe YEPBH OKA3bIBAIOT BECHOH. B STO BPeMA JeATeJIbHOCTh MUKPOMJIOpbI 
B HX KMIUJe€UHHKe 3HAYHTEJIbHO aKTHBHEEe, 4eM B ToyBe. IlouBa nvlIoxo aaspupoBaka, 
HacbileHa Baron, UW YCJIOBHA JIA pasBUTHA B HEH MUKPOdoOpb HeOaronmpHAT- 
upl. JIeToM, KOra YCJIOBHA CYLIECTBOBAHHA MHKPOdJOpbI B MOUBe YJyUWUAaloTcsA, 
e10 OCBOOO*KLaeTCA HM Me€PeBOLMTCA B OCTYMHbIe AIA pacTeHul CoeAMHEHHA NOTH 
BeCb HMEIOMNMHCA B OPraHHYeCKOM BeINeCTBe MOYBLI KasMH u cocdop. B 9sTo 
Ke BPEMA MpOWecchl pocTa MH pasBUuTHA JOCTHraloT MAKCHMymMa, OCBOOOKTalouve- 
CA BELCCTBa TYT 2%Ke NOTMOMLaOTCA pacTeHHAMH, HM UX COsep2KaHue B MOUBe OTME- 
yaeTCA JIMIIb B BUC CJIENOB, BCJIeACTBHe 4Yero B KHWICYHHK JOMKJeEBbIX YePBeH He 
MONaaeT OPraHHyecKoOe BeMECTBO, KOTOPOe MOXKET ObITh HCTOUHHKOM STHX 3uIe- 
MeHTOB. IlosToMy mou¥TH He MpONCXOZUT MOOUIM3AaLLU MUKPOMAOpHI, BIMAIOMIeH 
Ha yBesIMyeHve UX NOMBMxKHOCTH. JlaxKe B CBEXKUX IKCKPEMEHTAX JORKJEBLIX Uep- 
Beli (occop H Kau BCTpeualoTcCA B Buse CeqOB. COOTBETCTBEHHO JIETOM YMCHb- 
maeTCA pasHulla MexKLy OOnleH YMCJICHHOCTbIO MUKPOdJIOpbI B NOUBe HU KMLWeUHH- 
Ke JO*KMEBIX YepBel. OceHbIO, C NOABJIEHHeM HOBOYO Olayla HW yXyAUIeHHeM YCJIO= 
BUM CYULeCTBOBAHUA MUKPOdIOpbl B MOUBE, ee JeATeCJIbHOCTb B KHINCYHHKe JO%K™ 
J€BLIX YEPBeEH OTHOCHTEJIbHO YBeJIMUMBaeTCA. 

JLox%KeBble YePBH ABJIAIOTCH BaXKHbIM MOCPECHHKOM B 3aCeJIeEHHM NOUBbI MH- 
Kpod1opol. B nepBble Ke CyTKH HaXO?KMeHHA JO*KLEBbIX YepBeli B MpesBapu- 
TeJIbHO CTEPHJIH30BaHHOU MouBe MUKpodopa MCunCAeTCA JECATKAMH MW COTHAMH 
TEIcaY. B TeveHHe NOCAeLyIOulMx MATH CyYTOK KOJIMUeCTBO MAPOOpraHH3MOB yBe 
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suunBaetca B 10—100 pas. B crepHubHo NOJyYeHHBIX S9KCKPeMeHTAX OXKEBbIX 
yepBel HMeIOT MECTO Te K€ H3MCHCHHA B KOJIMYECTBEHHOM COCTABE HM B COOTHOIIE- 
‘HUM OTJeJIbHBIX PpyMl HM BYOB, KOTOpble HaGsIOaloTCA WB ECTECTBEHHBIX YCJIO- 
Buax. Ilo Mepe yJIMHeHHA CpoKa HaxOxKeHUA IKCKPCMEHTOB B MOUBe B HX YBe- 
JIMYMBACTCA OOULAA YHCJICHHOCTh MHKPOOpraHH3MOB HM MpoOLOJKalOT YCHJIMBaTb- 
CA TpyNMbl H BUALI (MHKpOOpraHu3MoB), XapakTepHble JIA TabHehwUx cTaquit 
mpowecca MHHepaHsalnn. 

IIpHHocuMacA JO*KTeBLIMH YEPBAMH MOJIb3a HaCTOJbKO BeMKa, 4TO BCTACT 
BOMIpoc 006 HCKYCCTBEHHOM 3aCeJICHHH eCTECTBEHHBIX TOYUB JOKTEBbIMH YePBAMH 
B Cily4aAx, KOPa OHH OTCYTCTBYIOT TaM B CHJIY KaKHX-TO MPpH4HH, KOTOPHle, 
OJHaKO, He MpeNATCTBYIOT %KUSHELeATeEbHOCTH JOMOpHuMA. K ancy Takux 
‘TIPHUHH OTHOCATCHA MpoOllleqMe B MPOUWVJIOM NO*KAapbl, H3ObITOUHOe yBMaKHEHHE, 
yCTpaHeHHoe eCTeCTBEHHbIM HJIH HCKYCCTBCHHBIM A peHaxem, u T. 1. BropuyHoe 
eCTeCTBeHHOe 3aCeJIeHHe HOBbIX TeppHTOPpHH B TaKHX cJITyyaAHxX UeT OOBIMHO 
_OUCHb MEJVJICHHO, TEM OCovlee, YTO YACTO MIO COCENCTBY OTCYTCTBYIOT Te BHJIbI, KOTO- 
pble 10 CBOHM SKOJIOrHYeCKHM OCOOeHHOCTAM MOYVJIM Obl 2XHTb B AHHBIX YCJIOBH- 
ax. VMATpowqyKuuaA JowKeBbIX uepBeli MpHHeceT JBOWHY!O TMOb3y BCJeCTBHE 
BBeCHHA, MOJIE3HOrO KOMMOHEHTA NOUBEHHOH (payHbl H OJLHOBPeCMCHHO 3apaxkKeHuAn 
TOUB Ooee AKTHBHBIM H MOJIe3HbIM KOMIJICKCOM MHKpoOdJIOphl. 


Vuctutyt seca H [peBecHHbl Tloctynusio 
Cu6upceKoro otgenenua AkajemHHu Hayk CCCP 16 IX 1960 
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Jjoxxanm Axagemun Hayk CCCP 
1961. Tom 139, Ne 2 


IKOMOLH A 


r. M. CTPOTAS 


OCOBEHHOCTH BAJIAHCA DKHPA HW BOD 
B HHAMBULYAJIBHOM PA3BHTHH BABOYEK BOAPbIMIHMILbI 
M KANYCTHOH BEJIAHKM KAK ®OPMA AJIANTALHH 
K OKPY)KAIOWEM CPEJE 


(IT pedcmaeaexo axademuxom H. H. II maaveaysenom 17 II 1961) 


UcceqopaHue cTaBHT 3aayy OCMBICIUTb XO] HEKOTOPIX OMOXHMMYeCKUX 
U3MeHeHHH B MHAUBUyasbHOM pa3BHTHM CuOreHeTHYeCKH OIM3KHX BHIOB 
6a6ouek, C pasJIHUHBIMM CPpOKaMM HU XapaKTepOM Pa3BHTHA, ATOOb! BbIACHHTb 
Kak (OpMUPyIOTCA aanTaluw HaCeKOMBIX K YCJIOBHAM OKpyXalousjeH cpeH. 

CraTba ABJIAeTCA MpelBapHTeMbHOM, MOKa3bIBalolleli Ha OCHOBAaHHM OMOXH- 
MH4UECKUX JaHHbIX H3MeHEHHe COMepRKAHHA BOLbI HW KUpPa, KAK OCHOBHOFO SHEp- 
reTwHyecKoro jieno HaCeKOMBIX, OOecHeuMBaIoMero HHAMBUyaJIbHoe pasBUTHe 
OCOOH H HOPMAJIbHOe BOCMPOM3BOACTBO —OfHY M3 OCHOB CYIe€CTBOBaHHA Bua. 

B oTeyecTBeHHOH HW 3apyOexKHOH MTepaType MOUTH HeT paOoT, NOcBALLeH- 
HbIX TMOOOHOMY CpaBHHTeJIbHO-MOpdoSKOJIOrMyeCKOMY aHaJIM3y HMHAMBULYy- 
aJIbHOrO Ppa3BHTHA STHX POJCTBEHHBIX OaOoueK CO CTOJIb PasJHYHbIMM YCIOBHAMH 
cyulecTBoBpaHHa. Mexiy TeM STOT aHasIH3 MOKeT aTb KHOU K MOHHMAHHIO 
MmpucnocoOwleHH Bua K OKpyKatomeH cpefe, a cleqOBaTeIbHO — WH IIpHuHH 
KOJIeOaHHH YHCJIEHHOCTH, — OCHOBHOM TeopeTHYeCKOH MpeANOCbWIKH yipaBe- 
HUA pa3BUTHeM. 

PesyJIbTaTbI MPOBeCHHbIX AaHaJIM30B WOKa3aHbl Ha Tpex rpaduKax, xapak- 
TePH3YIOULMX OCOOeCHHOCTH H3MeHEHHH CosepxKaHHA BOHI (puc. 1), cyxoro Belle- 
cTBa (pyc. 3) 4 »xupa (puc. 2) B TeyveHHe HHAMBUAYya/IbHOrO pasBHTHA OadoueK 
OOAPHILIHMMbI H KallycTHOH GeraHKu 1-H u 2-H reHepaluu. 

Bowubli OalaHe y O6OMX HCCIeAOBaHHbIX BUOB B OOMIMX YepTaxX OMHOTHIeH 
(puc. 1). OH xapakTepusyeTcs BBICOKUM Cosep2kaHHem Bomb (84,5—87,5%) B Ha- 
yale ryCeHHYHOK CTaluu HW Ppe3KHM MaseHHeM ee KOJIMYECTBA B TeYeHHe JaJIbHeH- 
mero XOa pasBHuTHA AO MMHUMaJIbHOro y HMaro (60—68%). 

SHaqHTeJIbHaA JleruspaTalua B TeyeHHe OHTOTeHesa Y HCCJIeEMOBaHHbIX 6a60- 
yeK, IIPHBORAMaA K CPaBHHUTeJIbHO Ca60H OOeCMeyYeHHOCTH BOJOH HMarHHalib- 
HoH cbaspr (67,78% y GosppunmHuuE u 60,76% y KamycTHOH GeraHKH 1-H reHepa- 
HH uw 64,96%— y BTopolt), BLISEIBaeT HEOOXOJMMOCTh BOCHOHEHUA AepunuTa 
BOMB mepey sAWeksaqkoH. Bo3mMoxkHO, MeHbIUNad JleruapaTanua y Oadouek 
OOAPbILNHUUbI ~— alanTalua [Ia coxpaHeHUa Combe Baru, BCeACTBHe TOFO, 
uTO BbIXO HMaro y Hee MpuypoueH K HawOoee  KaPKOMY H 3aCYLIIMBOMY 
BPeMeHH, a IlepHO OT BbIXOJa MMaTo JO Havasia Kaku Oomee pacTAHYT, 4eM y 
KallycTHOH OesHku 1-H reHepanuu. 

XapaktTep u3MeHeHH OOmero BeCa HM BeCa CyYXOFO BeLIECTBA TaK2Ke OUCH 
cxoyeH. Bec cyxoro BemlecTBa BO3pacTaeT JO MAKCHMAJIbHOFO K OKOHYAHHIO TH- 
TaHHA TyCeHH, a 3aTeM MaflaeT C pa3sHOli CTeMeHbIO ObICTPOTHI, HOXOLA LO MHHH- 
MaJIbHOrO Y Maro (puc. 3). U3menenusa oOnyero Beca B OCHOBHOM HOJYMHAIOTCA 
STOH 2%e cxeme. KosmmuecTBo cyxoro BelllecTBa, HaKOMNJeHHOrO ryceHullaMu 
KallyCTHOH OevIAHKH, OCOGeHHO 2-H reHepalluH, B TeyeHHe TepHofa MUTaHHA, 
3HAUMTeJIbHO OOJIbLUIe, YeEM Y OOAPDHILIHHILI. ¥ 

PKU pOBOH 6aaHc, B IPOTHBONOJOXKHOCTH OalaHcy BOLbI, CBOeCOOPaseH He TOJIb- 
KO AIH TOO HM Apyroro Bua, HO H WIA pasHbIX reHepauMl OAHOFO BHA, YTO He- 
COMHEHHO ABJIAeTCA alanTaluel K pasJIM4HbIM YCOBUAM CYINeCTBOBaHHA (puc.3). 

Hakollvienue xKupa y OOApbIIHHIUbI NPOMCXOLUT B Ba NepHoya aKTHBHOTO 
NHTAaHHA TYCeHUIL: NepBbIM pas B KOHUe seta y rycenul | u II Bo3spacta, Jo Bla- 
AeHUA UX B Inanaysy (17,62% (1)) u BropuuHo — B V Bospacte (15,44—16,03% 
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: 

“K cyxomy .Becy, uM 12,97 mr B oco6n). 

Hakonsenne xupa y KalycTHO OenAHKH TOJbKO WacTHYHO IIPpOHCXOLUT 
‘BuepHox muTaua rycenum V Bospacta. Bonbuiaa ero uacTb oOpasyetca 
BCJI€NCTBHe BHYTPpeHHHY TepecTpoeK B oOpraHH3Me 3a cyeT MmMOOHTH3aLNH 
Apyrux Cyxux BellecTs, 


KaK 3TO OblIO OTMeUeHO V to. Le 
“BpeqHOH yepenamKn (2). 86 
Y KallycTHor OeAHKH 
1-H reHepauuu Hakorue- 64 


Hue 2KMpa B TeyeHHe V 


BOspacTa CpaBHHTeJIbHO “ 


/HeBeluKO. AOcouJIOTHOe 80 
KOJIMYeCTBO ero yBeIMYH- 
BaeTca €3,18 70 11,05 mr, 8 

_T.€. MeHee ¥eM B YeTBIpe 


pasa, u fMoxoquT 70 76 
12,08% kK cyxomy, MH 


2,36% kK, oOmemy Becy. ie 


IIpu okyKIMBaHuH 3a CUeT 22 
BHYTPeHHHX lepecTpoek, 
CBASAHHBIX C YMeHbILe- 70 
HHeEM cCofepxKaHua py- 
TMX CYXMX BellecTB, Mpo- 68 


MCXOLUT peskoe yBemHye- 
HMe aOCOJIOTHOTO KOJIN- 
-yecTBa KUpa Ha 72,22%, 64 
Tak Y4TO COJepmaHuHe ero 
JoxoquT fo 26,138% xk 62 
_cyxomy 4 6,45% k o6memy 
Becy. Y MOJIOLbIX, TOJIbKO 60 
UTO BbLIYNMBUIMXCA UMd- a 
TO, XOTA aOcoJlIOTHOe KO- 
ee eB OCO> Duc, 1, CofepxKkaHve BOI y Oa6oueK OOAPHIMIHMILbI H Ka- 
OHM 3Hay¥HTeJIbHO yMeHb- MycTHOl OesHKH (K OOmemy Becy). a — AManay3upyiomlasx 
ulaeTCA, MPOWeHTHOe OT-  rycenuua II—III Bospacta; ote: phe a oe sae 
HOUWIeHHE %WKHpa BHOBb Pe eek one LV na Vioapeee) e— rycenuira V pospacra, 
BO3pacTaeT K CYXOMY Be-  jayano: 2 — To xe, cepemuHa; 3— To xe, KOHeN; W — TO xe, 
cy Ha 6—8%, JIOCTHTaan Tepe OKyKJIHBaHHeM; « — Ipelyma; 2— KykOJlKa, cpasy 
B CpeqHeM JIA TOrO HM  Mocawe oKyKIMBaHHA; m—TO %Ke,B CepefHHe pasBHTHA —- 


TO «Ke, MHanaysupyloulad mepeq xoulofaMH; H — TO Xe, B 

wis c aT, ie KOHIe 3HMbI; 0 — TO 2Ke, Nepel BEIXOJOM HMaro;/ — HMaro 
. ee EM BEY! dt, © QO. 1— boxppumnnua; 2—KanycTHas OenanKa 1-H rene- 

~ ITO OTHOCHTCJIbHOe€ = panun; 3 — TO xe, 2- renepamuu 1958—1959 rr.; 4 — To 


yBeJIMYueHHe HKUPa MpoUuc- Ke, 2-H reHepaunn 1959—1960 rr. 
XOMMT 3a C4eT yMeHbIIe- 
HHA A PYrux CyXHX BeULeECTB H OTYACTH BCJIEMCTBHeE OCBOOOKJeCHHA HaceKOMOTO 
OT OeHEIX XKHPOM OOOJIOYeK KYKOJIKH MW pa3JIMUHbIX MpOLyKTOB MeTamopdo3a. 
Takum oOpasom, y GaGouek KanycTHOH OemsAHKU 1-H reHepalluH MaKCHMAJIb- 
HOe KOJIMYECTBO X%KUPa BOCOOH y TOJIbKO UTO OKyKJIMBUelcA KyKOIKH (18,60 mr), 
a B IIPOMeCHTHOM OTHOUIeHHH JIyule BCero OG6eCIeYeHbI XXHPOM MOJIOAbIe, HMArO, 
oco6eHHo camku (30,47 % K cyxomy u 11,75% Kk oOmemy Becy). Ec yuectp, 
yTO Gouiee 25% cyxoro Beca, K KOTOPOMy paccuHTaHo cosepxKaHnne *KUpa, IPHXo- 
MTCA Ha KPblIbxA, MOUTH He HMEIOUIHe eFo, a BECb KUMP CKOHICHTPHPOBaH Kak 
pe3epBHoe BeIllecTBO, TO (bakTMUeCKH CpesHee cosep2xaHHe ero npumepHo 40%. 
Y kKanycTHon' GensHKu 2-H reHepalwH HayHHad c V BO3spacTa MpOHCxO_UT 
HeIIpepbIBHOe yBeIMYeHHe COsepxKaHHA MWupa. OTO, BePOATHO, MPOUCXOAUT 
MOTOMY, 4TO 3aTpaTbI pH MeTamMopdo3se y Hee CTOJIb SKOHOMHBI, 4TO 3Ha- 
YHTeCJIbHO MeHbIIe Tex yBesMYeHHH %KuUpa, KOTOPble MPOMCXOAAT 3a CyueT Mepe- 
_cTpoek BHYTpH opraHu3ma. HanOosbulee yBeMYeHHe KOJIMYeCTBAa *KUPa MpoHc- 
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66 


XOMUT ele y NuTaoUluxcs ryceHun V Bospacta (15,39% kK cyxomy ” Becy, 
uu 17,73 mr B ocoOn). SaTem 3HauHTeJIbHOe MOBbINeHHe cCcOsepxKaHuA 
*%KUpa K cyxoMy Becy MouTH Ha 6%, HH OKOIO 2,5MrB aOCOJIOTHBIX IMd- 

/ pax, mpovcxoquT y Ka- 


4, WyCTHOH OeIAHKM 2-H re- 
30 fe wHepalwH SHIOreHHO, B 
! 4 Aba mepHoya: mp mepe- 

28 vi xoze B CTayvio Npenynbi 
HW TIpW okykwuBanHun. Ja- 

26 Jlee, JO HaCTYMJIeHHA JMa- 
oy, nay3bl, HaOwrofaeTca eye 
HEKOTOPOe OTHOCHTEJIbHOE 

22 NOBBIMIeHHeE COepxKaHuA 


*wKUupa, He OOyCJIOBMeHHOe 
aOCOJIOTHBIM YyBeJIHUeCHH- 
eM ero KOJIMUeCTBA. 
CpaBHHBad  9HOTeHHOe 
yBewIMyeHHe *KUpa y 6a6o- 
yeK KalycTHOH OeJIAHKU 
l-i u 2-H reHepaunH, 
BHJMM, YTO y 2-H reHe- 
palluH OHO OTHOCHTEJIb- 
HO HeBewHKO. Tem He 
bas MeHee, BCJIEICTBHE TOTO, 
uTO  3aTpaTbl Ha MeTa- 


\ 


20 
18 
1 
16 : 
' 
Kr \ 
\ 
12 \ 
\ 
\ 
10 
8 
6 
a 


\ *£ ~wopcbos y GaOouexk Kary- 
L (aS Cea Se Ss iy - es 
oo be net es ae Gan ee CTHOH OeJINHKH 2-H reHe 


pallu HE IIpeBbIllaloT KO- 


2 JIMYCCTBA BHOBb OOpaso- 
Puc. 2. CojlepxanHe xupa y Oa6ouek OOApHIWIHHUb Hu 

KanlyCTHoll GeisHKH (K Cyxomy Becy).. O6osHayeHus Te xe, BAHHOTO *KUpa, COMEPKa- 
uTo Ha puc. 1. Anamu3 xKupa oT 23 IX y Ananaysupyrwuux HHE CFO HEIMPeCPbIBHO Pa- 
rycenul Gospbuunupl I]—II] Bospacra mpupegxeH mo Somo- cTeT, TAK YTO WManay3upy- 
Papeny) () JOUHe KYKOJIKY B MIpOleu- 
THOM OTHOMeHHH NOTH 
WOroustoT (pune. 2), a B aGCOJIOTHDIX UHCIAX 3HAYHTEIbHO MeperOHAIOT Cosepxa- 
HHe 2KHpa y KallycTHOH OeAHKU 1-H reHepallMu, y KOTOPOH 3HAUHTeJIbHOe KO- 
JIMueCcTBO ero pacxosyeTcH Ha MeTamopdos. OGecneyeHHe %XKUPOM 3HMyt0- 
WHX KYKOJIOK 2-H TeHepaluu KalycTHOH OeJIMHKH TouTH Ha 4 mr OovIbuIe 

(20,06 mr), vem y Kykosox 1-i renepanuu (16,18 mr). 

TakuM oOpa30M, HakomuieHue H paCxOJOBaHHve %KUpa Ha JaHHOM OTpesKe 
Ppa3BHTHA y KallycTHOH OeJIdHKM 2-H reHepallHu HalipaBJIeHbI Ha TO, YTOOBI Co3- 
WaTb HavOoulee CYMECTBEHHbIE 3alaCbl KHPA, HEOOXOMMBIe JIA YCnewIHOH mepe- 
3HMOBKH KYKOJIKH. B cBeTe STOFO 3HAYHTeJIbHOe MOHWKEHHE COMep2xKaHHA WKUpa 
IIpH OKYKJIMBaHHH y TYCeHHI, OCa6JICHHbIX MOPO3aMH, KaK 9TO HaGuJOWaJIOcb 
B 1958 r. (pue. 2), Tak %Ke KaK JlaJIbHefillee OTHOCHTeJIbHOe yBeJIMYeHHe ero 
coOepKaHuA 34 CueT MOOHMH3aAlMH APyrHX 3aNacoB CyXHX BellecTB, Mpezo- 
IIpelesIAeT HEHOPMAJIbHOe Pa3sBHTHe HU 3HAYHTeJIbHYIO THGeIb reHepallun. 

Y OOAPbIMIHHUbI MOUTH BeCb XKUP UCMOb3SyeTCA AIA OOeCNeCYeHHA PasBUTUA. 
Y [uanay3upylioulux ryceHull *XUp OGecneyHBaeT HOPMAJIbHYIO Nepe3HMOBKY Hi 
Ppa3sBUTHe MOJIOAbIX TYCeHHI, PaHHeH BeCHOH, KOTa yCOBHA MHTAHMA MOTYT OBIT 
HeO/aronpHATHBIMH. Bowbiurad vactb *upa (66%), HakOMJIeHHOrO ryCceHHWaMu B 
TeyeHue V Bospacta HM B CTAHH Mpellymbl, pacxohyeTca Ha MeTamopq@os. Baitym- 
JAioulMecA OaOOuKU OOAPHILIHHIbI 2XAHPOM MOUTH He OGecneyeHb! (7,71—9,98% 
K cyxomy Becy; 2,46—3,24 mr B oco6u). STO JeaeT O6A3ATELHBIM MPOOJKH - 
TeJIbHOe HMAarMHaJIbHOe NHTAHHe JIA OCYUIECTBJICHHA pa3MHOXKeHHA. 

Y kanycrHon 6eisHku 1-ii renepatun oKon0 29% Bcero *KUpa UCHOIb3yeTCA 
pH MeTamopdose. Boupuiasa %e ero 4acTb UeT AIA OGeCNeYeHUA pasMHOKeHUA 
MOJIOAbIX HMArO, KOTOPble BCJIELCTBHe STOO MOFyT B KOPOTKHH Cpok 6e3 mpell- 
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BapHTeJIbHOrO MMTAHHA OCYULECTBIATb  MaCCOBY!O AeKIalKy. STO HeCcoM- 
H€HHO MMeeT ajlanTHBHBI xapakTep, Tak Kak OaOouKaM KallycTHOM Oe HKU 
1-H TeHepallMH HeOOXOHMO B CxKaTHIE CPOKH H B 3HAUHTeJIbHOM MacluTaGe 
MIpOH3BeCTH KJalKy, YTOOB! ryceHHlbl 2-H reHepalMu ycneH MOATOTOBHTb- 
CH K 3HMOBKe H OKYKJIHTb- 
CA, ¥TO ObINO Obl 3ATPYMHH- = 
TeJIbHO pH pacraHyTOH jy 
KlaiKe H B HepeqKOM Ja 
Halle Movocnt cuyuae Ha- 700 
-CTYIJICHHA. paHHAXx 3amopo3- 
|. KoB. lono6Hoe aBeHHe ocna- 90 
OHIO KYKOJIOK H MpHBeso 
Obl HX K TOUTH NOHO rH- 
- OeIH, 4TO HaMH Ha6OLa- 7 
noch B 1957 r. (pue. 2). 
Y KatlycTHOH OeHHKH 60 
2-4 TreHepalluu oO BnalweHHa 
KYKOJIOK B J\Manaysy pac- 
xOfa pa He HaOsoxaviocb, 
HOO OH 3HaYHTeJIbHO MeHb- 
me TeX YBeJIMYeHHH %KUpPa, gv 
KOTOpble MpOHCXOAAT 3a 
cueT TlepecTpoeK BHYTpH Op- 20 
raHH3Ma. Kup B OCHOBHOM 
-pacxoflyetca ja o6ecneue- 
HHA nepesHMOBKH (6ovlee 
50%) WM 3aBeplieHHa MeTa- @ 6 6 2 
mMopdo3a; o6ecneueHHe MO- 
JIOAbIX HMATO HE IIPeBbIWaeT Puc. 3. ComepmanHe cyxoro sBeulecTBa y 6adoueK 6os- 
15%. Taxum o6pa3om, y 60- pbIHHIbI H KamycTHOH OemAHKH B Mr, O6osHa4eHHA Te 
APbIMHULbI, pasBHTHe KOTO- Se Oe ae 
poH CJIOKHIOCb MO MOHO- 
BOJIBTHHHOMY THIY, aflanTauuu, Kak MOXKHO [peqnomarath, WIM, Cc OHO 
CTOPOHBI, B HallpaBJIeHHH NOBeeHYeCKHX NPHCnocoOeHu (MayTHHHbIli KOKOH 
SUMYIOINMX TYCeHHI, CO3TaIOULMH WCKYCCTBeHHBIM MUKPOKJIMMaT), OOeruato- 
IMX YCJIOBHA 3HMOBKH HW OOecNeyHBaIOWINX CBOCBPeCMeHHBIH BbIXO ryCceHHIL 43 
JManay3bl (cTalvu mepexKuBaHHA); C [pyro cTOpoHbI — no AHHH tbusHOmOrH- 
YeCKHX IIpHcnocoOieHHi, a HMCHHO MeHbLUeH JerHpatTaluu, 4eM y KallycTHoH 
Oe€JIAHKU, OOecneunBalolleH coxpaHeHue OovIbUIeH BATH, HEOOXOAMMOH MpH pa3- 
MHOXKEHHH, T. €. CyKauleli OG6ecmeyeHHIO KOJINYECTBEHHOTO COXPaHeHHA Bua. 
Hanpapsenve ajlantTallHH KamlycTHOM OeIAHKH, pa3BHTHe KOTOPOH CJO*KH- 
JOCb 10 OMBOJILTHHHOMY THITY, BEPOATHO, MOWIO TO JMHAM *PUSHOMOTHYeCKUX 
mpucnoco6eHHui. OpraHu3m, mpHcnoca6IMBaacb K paHHeMy HacTyIJeHHIO T0- 
XOJOMaHHH, OObIMHOMY B HallIMX WIHpOTax, BbIpaOoTaJ] Me€XaHH3M HCIOJIb30Ba- 
HUA pe3epBOB H MpeoOpas0BaHHA UX B *KHPOBbIe. ITH IHLOTeHHOOOPas0BaHHble 
XKMPbI OGeCMeYHBaOT CBOeEBPeMEHHY!0 KJlaqKy Oadouek 1-H reHepawun (cTalHH 
o6ecneueHuA KOJIHYeCTBEHHOTO COXPpaHeHHA Bua) UH ABJIAIOTCH 3aOrOM JocTa- 
TOUHOLO KOJIMYeCTBa KHpa Y 3MMYIOMeH KYKOJIKH 2-H reHepalnu (cTaqMH Mepe- 
*KMBaHHA). Jlyymee oGecneyueHHe CYXHMH BeUeECTBaAMH KallyCTHOK OeJIAHKH, 
B CBA3H CO CMOCOOHOCTbIO ce MpeoOpas0BbIBaTb M3 HHX XKHPHI,MO-BHHMOMY, AB- 
sIfeTCA OJHOH H3 MpH4yHH ee MaCcOBOrO pacipocTpaHeHHs. 
ApleHHe JHJOTEHHOTO %KHPOHAKOMVJeCHHA H3 JIPYrHX Pe3ePBHbIX BeLLeCTR 
y KallycTHOH OeMHKM HeMHTAIOUHXCA CTA TpeOyeT anbHehiuen pacumpos- 
KM WM JleTabHOrO H3y4eHHA yrvieBoHOrO OOMeHa. 


oS ee. Gee ae Sp ee ee 


uae 3 er IK 6 Neen) Oar 


Tloctynuso 
14 II 1961 
WUTHPOBAHHAA JINTEPATYPA 
1E.30n0Tapes, 300m. xypH., 29, Ne 2 (1950). 2 I. M.Crporaa, C6opx. Bpen- 
“iad uepenamka, 3, H3x. AH CCCP, 1955. 
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Jloxaaynn Anagqemun nayr CCCP 
1961. Tom 139, N 2 


MHKPOBHOJIO[HA 


Unen-koppecnonnment AH CCCP C. H. KY3HELOB un E. C. NAHLXABA 


BJIUAHHE METAHOBPA3YFOWHX BAKTEPHH 
HA YCHJIEHHE IJIEKTPOXUMHYUECKOH KOPPO3HH METAJIJIOB 


IIpu norpy2XXeHHH MeTaJJia B pacTBOp 4acToO, OaroxapA HEOMHOPOAHOCTH ero 
NOBePXHOCTH, Ha MOcJeqHeH BOSHHKAIOT raJibBaHuyeckHe appl. IIpu stom oc- 
HOBHOH MeTaJIJI CTAHOBHTCH AHOMOM HW HaynHaeT pacTBopsaTpcs. I]pumecu npex- 
CTaBJAIOT COOOH MHKPOKaTOAbl, H Ha HHX HAYMHAeT BbIeATbCA BOJOPOL. | 

Ecau Boopoy, C MHKpOKaTOJOM He ylaneTCA HM OOpasyeT 3aUlMTHYIO MWie- | 
HOUKY, TO IIEKTPOL NOJIAPH3yeTCA H Mpolecc KOppo3suH 3aMelAeTCA. 

Ps, MHKpoopraHH3MoB cmoco6eH NMOTpeOJIATL BOLOpoL B Mmpowecce 2v3He- 
J@ATeJIbHOCTH B KayecTBe HCTOUHHKA 9Hepruu. Cioya oTHOCATCH OakTepunH, 
OKHCJIAIONHe BOOPpOL KUCIOpOAOM Bos_yxa, cyabdaTpelyuupyrouve — uc- 
MIOJIbSyYIOULHe WIA STOTO Mpolecca KHCOPOL cybaToB UH, HaKOHeL, OOpasyrouyne 
MeTaH 3a C¥UeT OKHCJICHHA BOAOPOMa KUCMOPOLOM YIVIeKHCJOTHI. 

TlocueqHue JBe FpyNMbl ABJIAIOTCH aHaSPOOHbIMH OpraHH3Mamu. Yat u 
Crapku (°) noka3asIM, 4TO CybcaTpelyUuMUpyloujve OPraHH3Mbl B Ipowecce BoLO- 
POAHOH PeAYKIMH CybaTOB 9HEPrH4HO MOTPeOIAIOT MOJIEKYJAPHBIA BOROpOL, 
BbISBIBaIOT KATOHYIO JenOJApH3alHio H TCM YCHJIMBalOT KOPpO3HIO MeTAaJLJIN- 
yeckoro O6opyqoBaHua. OOpasyrioulMlicA pH 3TOM B KaBepHax ocayoK rpaduTnu- 
3HpOBaHHOrO *Kesesa B | Tr coMeP2XHT JO HECKOJIBKUX MUJIJIMOHOB CysIbdaTpelly- 
WMpyroulHx OaxTepuh. AHaJIOrHuHble ABJICHHA Obl OTMCYCHbI Ha HE*TEMpOMBIC- 
Jax B KannuHoske (1,”). 

Mox HO ObIO NOaraTb, YTO BOLOPOAHAA JenoApH3auuA KaToLa OyeT erko 
IIPOMCXOLMTb B AHASPOOHbIX YCJIOBHAX Take 3a CUeT JeEATeILHOCTH MeTaHOOpa3y- 
1OULMX ~OakTepuil. 

TlockouibKy BbIJesIeHHe YMCTOH KYJIbTypPbI MeTaHOOpa3yIoulNx OakTepHi ped- 
CTaBJIAe€T SHAUHMTEJIbHbIe 3ATPyHeEHHA, TO Mbl CUMTAJIM BOSMOXKHbIM TPpOBOLMTb 
ONBbITHI C KYJIBTYPOH HaKOMJICHHA YKa3aHHbIX OPraHH3MOB, OYMULEHHOU OT Calpo- 
(PHTHBIX HW cybdpaTpelyuupyromux OakTepuit. 

Jina nowyYeHHA KYJIbTYPbl HAKOMMeHHA OblJia HCMOMb30BaHa MuTATeIbHaA 
cpega Bapxepa (*) cegqytomlero coctaga (B rpammax): NH,Cl 0,5; CaCle-6H2O 
0,1; MgCle-6H2O 0,01; KeHPO, 3,5; KHePO, 2,7; NazMoO,-2H2O0 0,001; 
FeCls-6H2O 0,002; MnSO, 0,001; B KauecrBe TBepforo cy6cTpaTa BBOAMICA 
BOJIOKHHCTHIM acGecT. 

Ilepex nocesom, Jit CBH3bIBaHHA PaCTBOPeHHOFO KUcMOposa, Ha Kaxple 
100 Ma nuTaTeibHOH cpexbl BBozuIca 1 ma 1% pactBopa Na2S:9H2O0 B 5% 
pactsope NasCOs. Cpega Hetitpamu3opanacb 10% pacTrBopom dacopHoH KucJO- 
Thi 0 pH 7,0 uv nomemlasacb B atmocdepy u3 1 uactu COs u 4 uacTeli Bofopoa. 
B kKauecTBe moceBHoro MaTepHasla ClyxKUJa MuiacToBaa Boga u3 HopoctenaHos- 
CKOrO MeCTOpoxKeHHA Hem. 

Yepes 2 nese, Kora RaBsenwe ra3oBoi cmecH yao. 1pHMepHoO Ha 
100 MM pr. cT., ObluI CemaH MepeceB Ha MMTAaTeNbHYyIO Cpelly BbIMeyKasaHHoro 
cocTaBa c JoOaBieHvem 1% mMypaBbuHoKucsoro HaTpuaA u 1,5 % arap-arapa. 

Cpela pasinBalacb B MpoOUPKM HM 3aKPbIBANaCb PeSHHOBOM MpoOKOH Tak, 
4TOObI NO Heli He OCTaBaJIOCb Iy3bIpbKa BosAyxa. O Hayavie pasBUuTuA CYAN 110 
OOPas0BaHMiO PaspbIBOB B arape 3a CyeT OOpasO0BaHUA YIVICKHCJIOTLI M MeTaHa. 


478 


J JaibHetwel OYNCTKH KYJILTYPbl OT MOCTOPOHHEH MHKPOM.IOPhI C BbILIe- 
yKa3aHHOH Cpeb Obi Clean pA MepeceBOB Ha 2%KUAKY!IO MHHEPaJIbHyt0 cpely 
Bapkepa B aTmocdepe u3 | uactH yriekucaoTbI uM 4 yacTeli BOLOpora. 

Tloce 5-ro naccaxka kyibTypa 3a 2 HeenM Rapala paspsxKeHue 0 360 MM 
pT. CT. W He cosepxKasa cyIbaTpeqyUMpywoulNx OakTepul u OakTepuu, pacty- 
IWMX Ha MACO-MenTOHHOM arape. MukpockomMyeckH KYJIbTYpa COCTOAsIa H3 MeJ~ 
KHX, HeMOMBHXKHbIX OeCCNOpOBbIX Maslouek pa3sMepom 2—3 x 0,2 — 0,3 yu; mMa- 
JIOUKH He PaSBHBaJIHCb Ha Cpefe CO CIHPTOM MH YKCYCHOKHCJIBIM HaTpHeM. 

Ha ocHOBaHHM yKa3aHHbIX NPH3HAaKOB MBI OMpeseHJIM, YTO YMeeM Mpurog- 
HYy10 JIA ONBITOB KyJbTypy HakorsieHua Methanobacterium formicicum. 

Hsyuenne pananua M. formicicum Ha ycumeHue 91eKTpoxuMuyeckol KOp- 
PO3HH MpOBOHJIOCb BeECOBLIM MeTOJIOM (*). []acTHHKH H3 JIHMCTOBOrO 2Kee3a TI0- 
Waybio OKOJIO 3,5 CM? THaTeJIbHO OUHIUaIHCh OT P2KABYHHHI, WWINCPOBAaIHCh Lo 
aOcOJHOTHO POBHOH IOBePXHOCTH, B3BelHBAaJIMCb Ha aHaJIMTHUeCKHX BecaXx, 
NOrpyKaJHCb B CUHPT, PaMONpOBaNIHCb Ha IlaMeHH H Ha KallpOHOBOH HUT- 
Ke NOMeLMaJIHCb B COCY] C BLIIMeyKasaHHoH cpeyou Bapxkepa. B kayo mpo6up- 
KY BHOCHJIOCb 110 5 MJ KYJIbTYPbI HAKOMJICHHA C MHHepadbHOH Cpeb c cosepxKa- 
Huem OKOIO 1000000 6axtepniispl ma. Cocyn 3aTbiKasicad pe3HHOBOl mpoOKoH 
TaK, UTOOI MOA HEH He OCTAJIOCb Ny3bIpbKa BO3Lyxa. OnbiT Obi MocTaBsieH B 10- 
KpaTHOH noBTopHocTH. Yepes 25 qHel Bo Bcex cocyax Oblla oMpesemeHa aKTHB- 
Had peaKUHA HW OKMCJIMTCIbHO-BOCCTAHOBHTEJIbHbIM MOTeHWMal cpeyb. C miacTH- 
HOK ObIJIM CHATbI HaJIeTHI JIA MAKPOCKOMMUpPC BaHHA WH MoceBoB Hacpely BapxKepa 
C MypaBbHHOKHCJIbIM HaTpHem. I]nacTHHKH BBICYWIMBaIHCh (pHJIbTPOBaJIbHOH 
Oymarou, OTTHpaHcbh pe3HHKOH Jo MeTaM4ecKOoro OylecKa H B3BeELIMBAaJIHCb. 

Ha cemu WvlacTHHKax ObIJIO 3aMeTHO OOPa3s0BaHUe KaBepH. 

J aHHble aHaJIv30B cBeyqeHb B Tab. 1. M3 Hee BUHO, UTO NOTePA B Bece KOH- 


Ta6auna il 


Bumanve metanoOpasywimux Oaktepuii Ha ycuvieHve SeKTPOXMMHYeCKOH KOpposHH 
2%KeNe3HOH MacTHHKM B Mepecuete Ha momjanb 10 cm?. 


Cpok ombita 25 cyToK 


Bursa Bt. 4. 3a 
Morepa] cuer peno- Moreps| cuer yeno- 
BBeCe,| aa pusa- rgliske | B BeCe,| na pysa- rH, 
mus WH, MP | nie Wuu, Mr 
| 
ONeKTPOMHTHYeCKaH 6,0 _— 17,7 || QnextpomutTuueckaa | 8,9 one) 14,9 
KOppo3ua 6e3 | Kopposua B upu-| 9,9 Be) lie ay 
6akTepult CyTCTBHH MetaH-| 7,6 116 iet5.6 
ONeKTPOMHTHYeCKaA (0 LOR IAG 2 oOpasytoulnx Da ee eG a 
KOppo3sHaA BMpH- | 6,8 0,8 16,3 OaKTep HH De Ono mon 
CYTCTBHH MeTaH- 8,3 2) 1553 4,0 | —2,0* | 18,0 
o6pa3yromlux 8,8 2,8 BPA. | 
6aKTepHHn 
J } | | 


* Ycumenue Koppo3Hu He Mpoucxo_NsO Onarogaps BEICOKOM BeH4UHHe TH, B KyMbTypax. 


TPOJIbHOM MaCTHHKH COOTBeTCTBOBAIa BeJIM4HHE OKOVIO 6 mr Ha 10 cm” cBoGoL- 
HOH noBepxHoctTu. [liacTHHKH H3 ONMbITHBIX COCYOB, Kya OblJia BBeeHa KYJIb- 
typa Methanobacterium formicicum, noTeps1H KeNesa 3a 25 WHEL ONbITAa 3a CUeT 
YCHJICHHA KOppo3HH B CpeytHem Ha 37%, Hsu Ha 2,2 mr, OoubIe, YeEM KOHTPOJIb. 
Buomoruyeckoe ycusieHve Mpowecca KOppo3sHu HaOOfaocb JIMUIb B TOM 
cyyae, CCH OKUCJINTEJIbHO-BOCCTAHOBHTEJIbHbIM NOTeHIMa Cpefb! Obl HuKe 
iiec| Gn 
| Kak noka3aiu anaH3bi mpH Gouee BLICOKOM NOTeHWHae, MeTaHOOpasyioulne 
6akTepun He yCHJIMBaIN 3eKTpOXHMHYeECKO KOpposuu. MukpoOvosoruueckun 
KOHTPOJb OMbITHBIX MIaCTHHOK MOATBeEpLH/ yKasanHble HaOsmogeHHA. Methano- 
bacterium formicium g koauyectBe 3000—5000 keToK Ha | cm? Gp COHapy2KeH 
| (IMI Ha TeX WWaCTHHKax, Me UWIIO yCHJieHHe 3JIEKTPOXUMHYeCKOH KOPPO3HH M0 


4TQ: 


cpaBHeHulo C KONTposem. Cynpdatpelyuupyiouue GakTepHu HH B OLHOM ombite 
OOHAPYKeHbI He OLIN. 

Camblli Mpolecc yCHJIeHHA JJIEKTPOXHMHYECKOH KOPPO3HH Sei tocnaeian 
MH OaKTepHAMH MOXKET ObITh TpeCTaBeH C/IeLyIouLeH CxXeMOn: 


4Fe = 4Fe?+8e (anonuoe pacrsopenue 2ese3a) 
8e + (ol ab ete) a (BbIZeNeHHe BOROpORa Ha KaToOe) 
CO, + 8H = CH, + 2H20 (sogoponuan enonapusauua KaToAa MeTaHOoOpasywulHMA OaKTepHamu 
4Fe** + 8(OH)- = 4Fe (OH): (o6pasopanue npoxyKtTos Kopposun 2Keaesa) 


B moyTpepx enue TOrO, 4TO MeTaHOOpa3sytouiHe OakTeEpHH BMECTE C CyJIbMar- 
PeCAYUMpPYIOULHMH YCHJINBaIOT 9JIEKTPOXHMHYCCKYIO KOPPOSHIO WITAHY P1yOHHHbIX 
HacOCoOB Ha He*TAHBIX TpombIciax KamMHoBku H HoBocTenaHoBKH, MOXKHO IIpH- 
BeCTH HeMOCpeCTBEHHbIe aHalu3bl. B rpapHYTHUHpOBaHHOM xevese H3 KaBepH 
KOPpoOHpoBaHHoro OG6OpyOBaHHA KOJIHYeCTBO MeTaHOOpasyioulHx OakTepui 
yocturano fo 800 000, a cysbdbarpeqyunpyromux 7 000 000 ua 1 r ocagKa. 
HusKkve 3HayeHHA OKHCJIMTeJIbHO-BOCCTAHOBHTeJIbHOrO NoTeHIHaa, TH, 7—10, 
HaMuHe OUKapOOHATOB HU CBOOOAHOH YIvI€KHCJIOTHI, BbIeIeHHe MOJIEKY JAP HOTO 
BOOpOLa 3a CyeT IICEKTPOXHMHYeCKOH KOPpPO3HH *Keslesa — Bce 3TO TOBOPHT 
O OMarONPHATHBIX YCJIOBHAX WIA PA3BHTHA MeTaHOOpa3syloulHx OakTepHii HW 3Ha- | 
YNTeJIbHOH UX POJIH B YCHJICHHH 3J/ICKTPOXHMHYeCKOH KOPpO3HH YvIyOHHHOTO | 
HecbTAHOrO OOOpyoBaHHA. 


WucrutyT MHKpo6HosiorHH Tlocrynusio | 
Axkaylemu HayK CCCP 5 IV 1961 | 


IMTHPOBAHHAA JIMTEPATYPA 


1C. WH. Ky 3Heuwos, Tp. VI Bcecowo3n. copell. 10 KOppO3HH H 3alHTe MeTadoB, COopH. 
Teopust H MpakTHKa MpOTHBOKOppo3HHHOH  3allHTbl coopyxKenHi, H3g. AH CCCP, 
1958, crp. 246. *B. A. KysHemospa, YY. b. Aimupops en  “xp., )Muxpo- 
Ouonorna, 26, B. 3, 330 (1957). 3 JI A. Poo 3 eH 0c p) rae ban otal OB! C) Kenn ie 
1O.M. Koposua, JLAH, 125, Ne 4, 909 (1959). H. A. Barker, Bacterial fermentation, 
N.-Y., 1956. 5° K. M. Wight, R. Starkey, J.) Bacteriol,,.50) (2), 230 (1945). 
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Woxnage Anagemun npayr CCCP 
; 1961. Tom 139, Ne 2 


MHKPOBHOJIOTHA 


O. H. UWIBELWOBA 


K MOP®OJIOFMH MOJIMSAPEHHOrO BUPYCA 
BOJIbUIOM BOWIMHHOH MOJIM (GALLERIA MELLONELLA L.) 


(ITpedcmaeaeno axademuxom E. H. Ilaeaoecxum 17 II 1961) 


TlommagqpenHaa Ooe3Hb OONbINOM BOMMHHOM MOJIM, ONMMCAaHHad HaMH B 

1950 r. (7), No maTomoru4yecKuM H3MCHEHHAM, 3aTParHBaIONHM OOJIbILIHHCTBO 
TKaHeM HaCeKOMBIX, a TaK2Ke NO xapakTepy OOpa3ylomlHxcaA B Apax moparKae- 
MBIX KJI€ETOK MOJIMSpPOB, pacCMaTpHBaIaCh KaK THMMUHAA AepHad NOTMILpHA. 
Tanbuetiiue HalliH UCCIeOBaHHA NMOMILPeHHbIX BKJIOUeCHHM, CosepxKanHx 
My4KH MaIOUKOBHAHbIX YaCTHIL BUPyCca, NOATBEPRKLAOT MPHHAaeKHOCTh ITOTO 
Bupyca K pogy Borrelina. 
C esbio O6HapyKeHHA BUPYCa B MOH PeHHbIX BKJMIOUCHHAX ObIIM MpoBele- 
HbI IIpe{BapHTeJIbHbIe HCILITAHHA PACTBOPMMOCTH MOJIMILPOB B CMaObIxX WeMOTaX. 
Mpl ipHMeHHJIn pekKoMeHZOBaHHbIe BeprosbOM pacTBOpbl COLL pa3/IM4HOH KOH- 
WeHTpalHu c FOOaBmenuem 0,05 M NaCl. 

CpaBHHBad PaCTBOPHMOCTb MOJIMIAPOB BOWMHHOM MOJIH, AyOOBOTO WeKo- 
MmpAa WM HeMapHoro WeskoNpsAa B pacTBopax, cogepxKamux 0,006; 0,008; 
0,02; 0,03 u 0,05 mow. comb, MbI Hall, UTO NOMMSPbI BOMIMHHOM MOJIM H He- 
MapHoro WeIKOMpALa pacTBOPAIOTCA TIpH KOHUCHTPpauWH Cob, OWH3KOH K 
0,01 M; 6onee ycTotunBbimu K We04aM OKa3aJIMCb NOIMSZpbEI AyOoworo wies- 
Koupsyza (0,03 M coma). 

J 93€KTPOHHOMMKPOCKOMMYeCKHX HaGOZeHHH Mbl IIPHMCHHJIH KpaTKo- 
BpemeHHy!o OOpaboTKy MomHaTpoOB Oovlee KOHICHTPHPOBaHHbIMH paCTBOpaMH 
menoueh. Tak, 21d MpocBeTJe€HHA NOHSLPOB H BbIABJICHHA MX Cofep2kKuMOrO 
MbI OOpaOaTbIBaIH MIeHKy C HaHeCeHHBIMH Ha Hee NowHaApamu 0,5% pacTBopoM 
NaOH sB Teuyenne 10—20 muu., mocie vero CMbIBaJIH MLeIOUb BOZOK. 

JA paccMOTpeHHA BUPYCHBIX My4KOB MBI MOMELMLaJIM NOMS, pbI BOLIHHHOK MO- 
JIM B CMeCb, comepxKautyr1o0 0,05 mow. coxbt u 0,05 Mou. NaCl, u wexTpupyruposasu 
2 yaca mpu 9 Thc. 06/muH. Ilocuie MpoMbIBKH JMCTHJIIHPOBaHHOM BOOK OCaoK 
HaHOCHJICA Ha WIeHKy u OOpabaTHIBaJICA HAXPOMOM. 

Ha puc. 1 mpuseqeHa muKpodoTorpadua NoMa 4PpOB BOLLMHHOM MOJIM B OTI- 
THUeCKOM MHKpockone. Ha puc. 2 noKa3aH BU, NOMM31POB B 3JIEKTPOHHOM MHK- 
‘pockone Jo H Hocse OOpaGOTKH Ie/IOUbIO; WeJIbIe MOMS Pbl MMeIOT MpeHMylecT- 
-BeEHHO Y¥eThIPeXrpaHHyio (bopMy, B MpemapaTax, oOpaOoTaHHbIx WeOUbIO, BULHBI 
HeMPaBHJIbHble OVePTAHHA MOHIZPOB, BHYTPH KOTOPHIX PacipelesieHbl OBAaJIb- 
Hble TeIbla — myyku Bupyca. Kak BUAHO u3 (oTOrpaduy, 4HCO My4YKOB JOCTH- 
raeT 25—30. 

B mpenapatax, MomyyeHHbIx mocue 2-yacoBolH OOpaooTKU MOMM32LpOB pacTBO- 
POM COJ[bI H NOCJeLyromlero OCaKTeCHHA ACTH, B WeHTpHdyre, NyyKu MpescTasB- 
JIAIOTCA B BUE TOJICTLIX OBAJIbHBIX Teel, (puc. 3 u 4). Kpome ny4kos B movie 
3PeHHA MUKPOCKONa BUAHbI Kak OTICJbHbIe MaOUKM BUPyCca, TaK MH NasOUKH, 
CBOeHHEIe H B CoueTaHHH 10 TpH. MoxHo npeqnowaraTb, YTO B TaKOM KOJIHUeCT- 
Be OHH HaXOJATCA B KaxKOM My4Ke. 

Tlomyuenupie Hamu JaHHble pacxoyatca c cooOmeHuem C. M. Tepmexsona 
OTHOCHTEbHO MOp*osIOrHA NOJIMIAPeHHOTO BUPyca BOMMHHOK Mou (*). He npu- 
BOA MeTOMHKHM 3/ICKTPOHHOMUKPOCKOMMYeCKHX HaOJIOeEHHH HM He UJIVIIOCTpH- 
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Py ux (OTOCHUMKaMH, aBTOP YTBepKlaeT, UTO BUPYC BOMIMHHOM MOVIN, B OTM 
que OT PyrHx MOTHS peHHbIX BUPyCOB, BCTpeyaeTCA, KaK l1paBHJO, He B BUI 
Wy4KOB, a MOOHHOUKe. 

Cy 10 yKa3aHHbIM pasMepaM YaCTHL, a TaKKe NO KOJIMYeCTBY HX B NOMHIY- 
pax, COOTBETCTBYIONIHX CKOpee pa3sMepaM HM KOJIMYECTBY MY4KOB, a He 3JIEMeCH 
TAPHbIX BAPYCHbIX 4¥AaCTHI, aBTOP, BUAHMO, OWWMOOUHO NPHHAJ MYYKU 3a BUpPyc 
HbI€ YaCTHIBI. 

Mobi 1oJlyauJId HEKOTOPHIe JONOJHUTeCJIbHbIC JAHHbIC, Kacaloulveca cnelupuy- 
HOCTH BUpPyca BOWMHHOM MoM. B ombiTax ¢ 3apaxKeHHeM 9THM BUPycoM ryceHuL 
HelapHoro WesIKONpALa, KOMbuYaTOTO WeNKOMpALa, 31aTOry3ku-OOAPbILIHHUB, 
sAOJIOHHOM MOJIH HW aMepHKaHCKON OesioH OadoukM HaM He yaJlocb BBISBaTb NO-| 
JIM3,peHHOro 3a00s1eBaHHA. 

BocnpHuMuuBbIMu K BUpyCy BOULMHHOM MOJIM OKa3aJIHCb TyCeHHbl KpanuB- 
Huub! (Vanessa urticae L.). BocnpuwumuaupocTb HeEKOTOpBIX BUZOB HUMaivy, 
K BUpycy Apyrux HaCeKOMbIxX OTMeyeHa TakxKe B pa6oTe (*). Hlomuayphi, nosyyen-| 
HbI€ B Pe3yJIbTATe HCKYCCTBEHHOTO 3apaxKeHHA, OTMHYAIHCh NO pasMepaM U (op- 
M€ OT HOMHILPOB, OOpasyIOUlUXCA IIpH ecTecTBeHHOM 3aOoJleBaHHN KpanHBHUUbI 
(B STOM CJly¥ae MHOrOrpaHHUKH MMeIOT Oovlee CrvlaxKeHHbIe CTOPOHBI, YaCTO BCTPe- | 
YaIOTCH TpexrpaHHble (PopMbl), H OT MOHILPOB BOMMHHOM MOJIM: MO pa3mMepam 
OHH 3aHHMAIOT CpeHee MeECTO MeKAY NMOMMIZAPaMU STUX JBYX BUJOB, HU cpelH 
HHX P@Ke BCTPeuaIOTCA YeTLIPEXTpaHHble (POPMbI, XAPaKTepHble JIA BOMWMHHOL 
MOJIH. 

H3menenve xapakTepa NMOJIMSApPOB, OOpasyiollNxcA IPH 3apaxKeHHH «uyxKHM 
BHPYCOM», MOATBePAUMOCh TakKxKe NPM MPHMeHeEHHM CeposorMyecKoh peakuHH. 
TlomMaipbl KpanuBHHLUb! He JaloT peaKIUHN arrJOTHHalWH C AHTHCbIBOPOTKOL 
K TIOJIM9,paM BOULHHHOM MOJIH; Me*K Ly TEM MOJIMSAPbI, MOJYYeHHbIe B pe3yIbTAaTe 
Te@peKpecTHOro 3apaxKeHHA, AITJIOTHHHPOBAJIM C HH, XOTA M B HECKOJIbKO Oovlee 
ca6ol cTeneHH, ¥eM romoreHHble nowHa_zpbl. Mpl CKMOHHbI PpaCCMaTPHBAaTb TOT 
cya Kak nepesayy BUpyca BOILHHHOH MOJIM KpanuBHUlle MH ero U3MeHEHHE | 
B HOBOM XO3HHHE. 

BpipaxkaemM MpH3sHaTesbHocTb B. ®. Maumiancxomy u E. B. OpsoscKor 3a | 
BbINOJIHEHHE 9JIEKTPOHHOMHKPOCKONHYeCKHX CHHMKOB. 


Bcecoro3Hblli HHCTHTYT Tlocrynuuo 
3alHTbI pacTeHuli ; 4 II 1961 


WHMTHMPOBAHHAA JIMTEPATYPA 


10. MW. UWspenosa, Muxpo6nouorna, 19, 532 (1950), *C. M. Tepmeus3ou, 
JIAH, 113, Ne 5, 1161 (1957). 
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Puc. 1. Mukpodbotorpadusa nonuazpoB 
OObUIOK BOMWHHHOM MomH, 900 X 


Puc, 2. QnektTpoHHad MHKpOdoTorpapHA NOAHIZpOB GOMbUUIOH BOLLHHHOK 
MOH. a,06— fo oO6pa6oTKH wetoubio, 5000 x, ¢ — nocie o6pa6oTKH me- 
JIOUbIO; BHAHLI-KOHTypbl MOJIH9{pOB H Wy4kH Bupyca, 7000 X 


3. QNeKTpOHHaA MHKpOdoTorpausa nome LpeHHOrO Puc. 4. To xe, uTo Hu pHe. 3. J — oBanbutie 

4 OOOH BOMLMHHOM MOH. O6pa6oTKa HHxXpoMom. My4kH BHpyca, 2 — MaJOuKH Bupyca, 3 — pac- 

|<. J — nouypactsopennpiii nomagp, 2 — opasp- TBOpeHHble My4YKH BHpyca, 4 — ocTaTKH M0- 
Hble MY4KH BHpyca, J — mMalouKH BHpyca JH3IpeHHoro Geka , 


| 
7. 139, No 2, IIpenona 


|- WTornage Akawqemun snayr CCCP 
1961. Tom 139, Ne 2 


BHO®H3HKA 


A. Bb. TEWLOBA uv fF. A. BOJIKOBA 


O HAKONJIEHHM VW BbINEJIEHHW CTPOHILHNS-90 WH WESHSA-137 
PY4EMHHKOM HALESUS INTERPUNCTATUS ZETT. 


(ITpedcmaeaeno axademuxom E. H. [aeaoeckum 18 II 1961) 


Onpezenenue KosppHUHeHTOB HaKOMNJeHHA B OpPraHH3Me 9JIEMeHTOB, KaK 
HEOAHOKPaTHO yKa3biBaJlOcb, MpescTaBAeT OObINOM HHTepec MpH U3syyeHHH 
OMOreOXHMNYECKOH POVJIH Pa3/IMYHbIX BHJOB MpeCHOBOAHbIX OpraHH3Mos. B cBa3H 
C STO Ke MpoOMeMOH HeEOOXOANMO YCTAHOBJIeHHe CTOHKOCTH HaKOMJeHHA Opra- 
HH3MaMH Pa3JIM4YHbIX 3JIEMCHTOB, KOTOPaA ONpeeAeTCA CKOPOCThIO H MpOeH- 
TOM BbIJeJICHHA HAKOMJICHHBIX IJIEMCHTOB BO BHEIIHIOIO cCpelly. 

B nmpogoumKeHve padoT NO BbIBEeEHHIO palHOaKTHBHBIX BeeCTB H3 BOLHbIX — 
HaceKoMbIX (1) MbI NMOCTaBHJIH OMbITb! NO WesakTHBalluN pyyelHuKoB Halesus 
interpunctatus Zett. B 3aBMCHMOCTH OT BpeMeHH HakONJIeHHA. OTH UCceLOBa- 
HHA, C OMHOH CTOPOHbI, BaXKHbI IPH H3yYeHHH CKOPOCTH BbIBEeHHA H3 Opra- 
HH3MOB pajl[HOaKTMBHBIX BeIIeCTB, C ApyroH — MO3BOJIAIOT NOLOUTH K BOTIpocy 
'O M€XaHH3MaX HakOMJe€HHA MUKPOSJIEMEHTOB BOXHBIMH HaCe€KOMBIMH. 

Bbw UCMOb30BaHbI paqnousoTonpi Sr®? nw Cs!®’, BaxkHbIe B IpakTHYeCKOM 
OTHOMeHHH, Kak JOJTOKUBYLULMe MPOAYKTbI NeJeHuA ypana. 

Mertoyuka OMbITOB Obluia TaKOBa: B AKBapHYMbI HaCbInaJicA PeuHOH MecoK, 
KJIaJIMCb KAMYIIKM, BeTOUKH BOJHBIX pacTeHHH — 3uI0eA HW poroJIMCTHHK — 
H JIMUMHKU pydeliHukoB. B kaxbI cocyy HaJIMBaJiOcb NO 5 JI BObI H BHOCHJICA 
OJ\MH H3 [BYX pagNou3oTonos (Sr®°, Cs!®’) u3 pacueta npumMepHo 1000 umn/MuH 
Ha 1 mai Bopp. Uepes 3 u 6 wac., 1; 4 u 8 cyToK Mocule Hayawa OMbITAa ONPeeJICHHOe _ 
KOJIMYeCTBO HACeKOMBIX BbIHHMAaJIOCb H3 akBapHyma. UactTb ia Ha MpHrorToBvie- 
Hve 1po06 AIA ONpemeeHuA HCXOLHON KOHUCHTPalWH PaqMOHSOTONIOB, OCTAJIbHBIe 

| TIOMeWasIHCcb B TaKWe %Ke aKBaPHYMbI, HO Oe3 akTHBHOCTH. B uNcTOH Bose Ha- 
| cekomble Haxogusucn 1; 4 u 14 cytox. M3 sMunHOK pyyeHHUKOB, B3ATHIX B KaxK- 


TaOmuta 1 


3aBucuMocTb BEIBefseHua Sr®? nu Cs!®? or BpeMeHH HaKOMJICHHA y pPy4elHHKOB 
Halesus interpunctatus Zett. (uepes 14 cytTox) 


Konuweutpanua Sr? * Konueutpanua Cgt8? * 
Bpema Hakonu. O6next 
HcxXOAHAaA KOHeEYHan HCxXOmMHAA KOHeYHAaAA 
3 vaca JiwuHHKu 2 900 396 (13,6) 5 685 785 (40,2) 
Jlomuku 49 050 7 480 (15,3) 70 500 480 ( 0,68) - 
6 ac. JimuHHKu 3 410 690 (20,2) 3 780 1470 (38,8) 
Jlomuxu 194 000 13 000 ( 6,7) | 47550 OAS G22) 
1 cyTKu JImunHKu 3 380 695 (20,5) 6 800 4735 (69,6) ~ 
Jiomuku 372 000 ISIATON (459) 70 000 1520 ( 2,2) 
4 cyToK JI MunHKU 2 540 1695 (66,7) 16 300 8060 (49,4) 
JlomuKku 156 000 24 100 (43,5) | 37400 17600 (47) 
8 cyToK JIwuvHku 2975 1465 (57,8) | 17950 13.650 (76) 
| Jlomuku 164 000 18900 (17 ) | 25350 2315 ( 9,1) 


| * B ummyvipcax B MHHyTY Ha rpaMM cyxoro Beca. B cKoOKax —B MpowenTax K HCXOAHO! KONWeH- 
 Tpauun. f ; 
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Coc emi tt nt 


Puc. 1, OcunorpaMMbI 3By4aHHA CaMKH KOMapa. a, 6, 6 — yep2KHBaeMblii KOMap, , 
2 — o# —JleTAULMH KOMap. UactoTa mMeTOK BpemeHH 3 KIL, 


HEHCKAKEHHOH 3alMCH HASKHX 4YaCTOT Tpe6yeTca paccTOHHHe He MeHee 40— 
50 CM, HO JIA MOBBIMICEHHA YPpOBHA HH3KOUACTOTHBIX (OObINHO HE CJIbILIMMbIX) 
H BbICOKOWACTOTHBIX COCTABJIAIONIMX CHFHaJla, MOCTyNalomlero Ha MUKpOMOH, 
STO paccTOAHHe yMeHbiueHO. Ha puc. | 2, 0, e nOoKasaHbl OCH IWOrpaMMbl 
yseTaroujero OT MUKpodouwa KOMapa. B cnekTpe 3By¥aHHA KOMapa MOKHO 
Pa3JIM4MTb TPH OONACTH YACTOT: HU3KHe, NOpsAAKa 300 ru, cpesHNe, nopayzKa 
1—5 kru, H BBHICOKHe, OKONO 15—18 xru. 

Bompoc 06 WcTOuHMKaX 3BYKOBBIX KOJIeOaHuii, H3,aBaeMbIX KOMApOM, JO 
HacTOAMerO BpeMeHH He M3y4eH, OJ[HAKO MOMKHO CUHTATb, UTO HH3KOUACTOT- 
Had OONACTh CHeKTpa O6OyclOBIeHa KONe6aHHAMH Kpblla, a NOvlOwKeHHe ITOH 
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OONaCTH 3aBMCHT OT BO3PaCTa HIM BUA JBYKPbIIbIX. @MopmMa kosleOaHHH se- 
TAIMErO KOMapa 3aMeTHO OTIM4AaeTCA OT CPOPMbL KPHBOH AIA yep2KMBaeMoroO, 
_4TO BUAHO U3 CpaBHeHusA puc. | 2, 0, ec puc. | a, 6, 6. B Ml€pBOM CJly4ae Ha 

KPUBYyl0 OCHOBHBIX KOIeOaHHii HakJalbIBalOTCA XapakTepHble KOeOaHHA cpeyl- 
HUX HM BbBICOKHX YacTOT. BO BTOpoM cylyuae COXPaHAIOTCA JIMUIb KONeOaHHn 


HH3SKHX H BbICOKHX WaCTOT, a CpeHHe YacTOTbl MOUTH He MNPOABJIAIOTCH. Ilo- 
CJIeqHee MOXKeT ObITb CBAZAHO C Ca- 


MMM CIOCcOOOM yjlepxKaHHA KOMapa. 

Ha puc. 2a, 6 moKa3aHbl pesyJ1b- 
TaTbl rpaduyeckoro anamusa ocuHI- 
JOrpaMM, MIpHBeeHHbIX Ha puc. |, 
B OOuaetM cactotT no 1,5 xru, 
AHaJM3 TOKa3bIBaeT, YTO B CieKTpe 
NeTAMeETO KOMapa = fpeoOsaaroT 
OO€PpTOHLI OCHOBHBIX KOvIleGaHuii 
KpblJla, a CaMH OCHOBHbIe KOIe6aHHA 
(330—340 ru) Bcerga Bbllle, 4eMm y 
yiepxuBaemoro KOMapa (260 — 
290 rm). STo wu3sMeHeHHe OCHOBHOi 
YaCTOTbI NpOHCXOAHT mocTeneHHo, 
4TO MOMKHO BUeTb H3 puc. | a, 
rye IpMBeseHa OCUHIIOrpaMMa 3By- 
qaHHA KOMapa B TepBblii MOMeHT 
moveTa. 

Hanuune Tpex o6uacteli uacToT 
B CieKTpe He corjacyeTcA C OCHO- 
_ BaHHbI a CJIYXOBOM Oo eHHH 
TPEMMME Hae 6 Koniape, IK 06b- 9204 G6 G8 f0s2xe4 GE GNBEGS LANE 
€KTe, H3MalolleM 3BYKHU BbICOKHX TO- P 
HOB. CylyxoBoe ollymjeHHe oKpacku Puc. 2. Crekrpampuelit coctas et ake 
SBYYaHAA KOMapa OObsCHAeTCA pas- We Liga Shane tae: Wee oeM | 
JIMYHOH CHOW 3BYKa B- pa3HbIx 
4WaCTAX ero cmekTpa H MOHMKeH- 
HOH 4YBCTBUTeIbHOCTbIO yxa YesOBeKa B OOACTH HH3KMX WH BbICOKHX WaCTOT 
TIpH MaJIbIX ypOBHAX: curHasa (7). TlostTomy KOJeOaHHA HM3KUX UaCTOT, XOTA 
WH OOIbUIMe 10 aMINWHTye,. 4eM B OOACTH CpeMHUX UACTOT, BHOCAT MeHbIIMH 
BKJa, B OOMLyIO FTPpOMKOCTb, a aMNJIUTYLa BbICOKOUACTOTHBIX KOJIeOaHHH, Be- 
PpOxATHO, H¥xKe NOpora cupuNUMOcTH. TakiM OOpa3oM, CJlyxXOBOM almlapaT 4e- 
JOBEKa BOCIPHHUMaeT 3BYKM JIMIb H3 CpesHeli OOacTH CMekTpa 3By¥aHHA 
KOMapa. 

IlpeqnoxeHHbIii MeTO 3alHCH HM BUSYaJIM3allMH CMeKTPOB 3By4¥aHuA KOMapa 
Ha CTaHapTHOH akycTHYeCKOH almapaType MOxeT ObITh HCMOMb30BaH MA 
peuleHHa pxAa 3amau, uHTepecyromux Onosoruio. B wacTHOCTH, TaKHM MetTO- 
OM MOryT ObITb peliieHbl BOMpOCcbl O6 HCTOUHHKAX 3BYKOB, H3aBaeMbIxX Hace- 
KOMBIMH, O06 H3MeHeCHHH XapakTepa HX 3By4aHHA B PasJIMYHbIX YCOBHAX H, 
MOXKeT ObITb, O BOSJeCHCTBHH 3BYKOBDIX HIM YJIbTPpaSBYKOBbIX CHrHaJIOB Ha 
KPOBOCOCYIHX JIBYKPbIIbIX, 


6 


J4ACMOKS, 3-54 


a 


Yyacmox 84-85 


Yyacmox 


Yyacmox§,6-87 


= 


Amnaumyéa cnexmpansxelz cocmabssrouur(b omy. ea) 
“MBSR OTM DeBwSOGAUHD CDxmSwGHUAD~AOS 


Yyacmor 


5,15-5,16 
¥yacim0x8,7-88 i 


Aunsumyda cnexmpansHere cocmabnsouy. (6 omy.ea) 


DB—~Os 05 & G BSmrsohlag DB~ad> &w 


Muctutyt pusnku Ilocrynuuio 
Cu6upckoro oTzeeHHa AkaflemuH Hayk CCCP 18 I 1960 


HMTHPOBAHHAS JIUTEPATYPA 


1R. Busnel, Colloque sur l’acoustique des orthoptéres, Paris, 1957. 2 E. CKy- 
4 HK, OcHoppl akycruku, 2, JI, 1959, crp. 96. 
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Jloxnagn Akayqemun Hayr CCCP 
1961. Tom 139, Ne 2 


BHOXHMH#A 


B. JI. KPETOBHY u K. M. CTETIAHOBHY 


CHHTE3 CEPHHA H3 OKCHMMPOBHHOrPASHOH KUMCJOTHI 
B PACTEHHAX 


(ITpedcmaeaeno axademuxom A. H. Onapurnoim 9 III 1961) 


Buocnutes cepHHa B paCTeHHAX MOXKET OCYLIeCCTBIATbCAH IyTeM KOHJeH- 
CalluH TIMUHHa C POpMaJlberHqoM TIpH yuacTHH TeTparuspooseBow Kuc- 
JIOThI H WHupHpoKcasmbpdocharta (7°). Muuxapa u Tpunoepr (°) noKa3asu, uTo 
Y X%XHBOTHBIX TPeXYIvIepOLHbIMH Oe3a30THCTHIMH MpelWwecTBeHHUKaMH CepHHa 
ABIAIOTCA 3-coctorsiMuepHHoBad Hu 3-cbocoOKCHNUpOBMHOrpayhaA KHCJIOTHI. 
Xeudopyx u Jissuc (?) ycraHoBuJiu, YTo OOpas0BaHue cepuHa u3 3-cocdorinwe- 
PHHOBOH KHCJIOTbI HMeeT MeCTO TakxKe HB pacTeHHaAx. Ilo JaHHbIM STHX aBTO- 
poB, PepMeHTHEIN NpenapaT H3 STHOJHPOBAHHBIX MPOPOCTKOB Topoxa KaTaJH- 
3HPOBaJI OOpas0BaHne 3-cocsocepuHa u3 3-cpocdboriMWepHHOBOH KHCJIOTHI B xoe 
JIBYX MOCJI€LOBATeEJIbHbIX PeakIMH: 


1. D-3-ocdorauuepat + JITH=3-chocdooxcunupysat + JITIHH + H* 
2. 3-ocdbookcunupyBaT-+ L-raytamaT—3-docthbocepuH ++ a-keTormyTapat 


B 9TOM xe (pepMeHTHOM TipenapaTe HMH ObIIO MOKa3aHO HasMuMe cnelWuduyec- 
KOH cboccaTasbl 3-cboctbocepuHa, KOTOpad MpeBparlaeT ero B CBOOOLHBIH CepHH. 

OjHako He HCKJIOUeCHO, YTO CePHH MOKET OOPA3OBbIBATLCA B PaCTeEHHAX H 
HeMOCpeACTBEHHO H3 OKCHMMPOBHHOrpalHOH KUCJIOTbI, ABJIAIOWeHCA ero OvIM- 
2K aHLWHM Oe€3a30THCTHIM MpelUIecTBeHHHKOM. 

Llenbio WaHHOH paOoTbI ObIIO BLISCHeHHe BOMpoOca O BO3MOXKHOCTH yuacTHA 
OKCHIIMPOBHHOrpalHOH KUCJIOTHI B CHHTe3e CepHHa y pacTeHHH. OTOT BoMpoc oco- 
OeHHO HHTepeceH B CBA3H C TEM, UTO OKCHMMPOBHHOrpayhad KUCJIOTA ABJIAeTCA 
TIPHPOHbIM MeTaOOJIMTOM, HaWeHHbIM B pacTeHuax. Tak, BuptaHen u Ampo- 
Tau (°) Hamu, 4To B 100 r cBexux arog OpycHuku cozepxuTcs 40 wr oKcumHpo- 
BHHOrpaqHOu KHMCJOTH, a B 100 r arog KsI0KBHI 25 wr. B Hallux ONbITaX MbI HC- 
NOJIb3OBaIM CBOOOLHY!0 OKCHIMPOBHHOrpayHy!O KHCJIOTY, KOTOPylo CHHTe3Hpo- 
BaJIH M10 HeCKOJIbKO BHJOH3MeHeHHOH MeToyuke JIuKKeHca u Busabamcona (%). 
Cuntes CocTOAT H3 CJIELYIOUIMX STANOB. 

l. Tlonyuenne OpomMnupoBuHorpagHok KucCTOT HI”) 
TyTeM OPOMHpOBaHHA TpwxKAbI NeperHaHHoH mpu 59° u 10 mM pT. cr. cyxol 
IIMPpOBHHOrpagqHOH KHCJOTbI SKBHMOJIAPHbIM KOJIHYECTBOM BBICYUICHHOTO Hajk 
HeSO, Opoma. Kpuctaimb! OpomnmupoBuHorpaqHoH KUCJOTHI, NoyueHHBIe 
mocie BbICylIMBaHHA Hay’ NaOH rycroro cupoma, nepeKpHcTasJIM30BbIBaIH HS 
ropsuero xsopodopma. Ilowyyenupie KpucTambl uMeM T. WI. 58°. 

ONyYYeHHe AUTHEBOH cCONH OKCHNUHPOBHHO- 
rpawkuHowk KUCAOTH NyTem THTpoBaHua | Moma OpomMmupoBuHOrpalHok 
KucJIOTH 2 Mom. LiOH (qo po30Boli oKpacku 0 dbeHomTasenny), nocmexyromet 
oOpasoTKM NoyYeHHOrTO pacTBOpa AKTHBAPOBaHHbIM YrJieM MU yylaJieHHveM B 
BaKyyMe BOJHI NO Havasla KpucTaliusannn. BricymeHHy1o Hag PeO, comb mepe- 
KPHCTaJJIM30BbIBaIH 43 ropsuel (60—80°) Bomb! M CHOBa CyIIMIN. 

o. Il pumoroBwewue CBOOORHOH OKCHNUPOBUHO- 
rpakwuow KucaoTH. 500 mr mepeKpucTanmM30BaHHOrO OKCHMMpyBaTa 
JMTHA B20 MJI BOJbI BCTpAXHBaM B TeyeHHe 10 mun. c 20 Ma cycneH3Hu KaTHO- 
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HuTa KY-2 (H"*), cogepxaBuumu 10 r cyxoro KY-2. ®unprpat u mpo- 
-MBIBHBI€ BOJbI BbICYUIMBaIH JIMOPUJIbHO H3 3aMOpO*KeHHOTO cocTOAHUA 
M ele CYTKH CyIIHIH B BakyyMe Hag P2O;. OxcunupoBuHorpayHyio KUCJIOTY 
SKCTparHpoBan cyxuM sadupom (15 mu), ocaxfaliu joOaBlenvem merTpo- 
JiehHoro adupa (7. Kun. 60—80°) fo mpekpamenua nosBeHHA MYTH. 
Yepes 2cyTok pacTsop ciMBamu, K Oenomy ocafky jloOaBiamu mocieno- 
BaTeJIbHO PaBHble KOMYecTBa (m0 10 Mm) alleToHa MU MeTpomeluoro supa. Cny- 
cTa 2 CyTOK BbIepxKuBaHuA MmpH O° BEIMaqanM Oemble KPUCTaJIbI OKCHMUPO- 
BHHOTpalHOU KHCJOTHI, KOTOpble COOupaJH U BEICYIIMBaIM B BaKyyMe Hag, H2SO, 
M Mapaduuom. Crycta 4 uaca T. mu. Oba 82°; uepes CyTKM OHA MOBbIMAIAaCcb 10 
» 86—90°. Tlouyuennyio cBo6oxHyio OKCHNMpoBMHOrpasHyio §6KUCJOTY anamu3u- 
poBasu XpomaTorpaduyecku C MCHOJb3OBaHHeM B KavecTBe pacTBOpUTeJA CMeCH 
H-OyTaHO/I — MypaBbuHad KuCJoTa — Boga (18: 2:9)("). PacrBoputenb fBax- 
_Abl TWpomycKau yepes xpomaTorpammy (6ymara JleHuurpagwcKan meqwienHad 
Ne 2), Kaabii pas —cytku. Ilocue BbicyuimBanua Ha BOsyxe xpoMaTorpamMMy 
ONPbICKMBaJIM pacTBOpOM OpomdeuouloBoro cuHero B 96%-HOM cnupTe (pH 6,7). 
Ha cnnem cone oOHapyxXuBaJocb OMHO 2KeJITOe MATHO OKCHNMPOBMHOrpasHoh 
KucNoTH c Rf = 0,5. M3 cBo6o,HOH KUCOTHI M ee MUTHEBOH COMM NomyuH- 
mM 2,4-.unuTpodenwirngpasonnt (2,4-J]PLP), KoTopble mocjie mepeKpuctau- 
JM3auMH oKasamu 1. nm. 160°. [pu xpomatorpaduyeckom ucculeqoBaHuu 
rMipa3sonos no Kapaiunn u Mpoutanu (?*) nonyuunu yBa natHac Rf = 0,39, 
u 0,44. XpomaTorpapuyeckul anamu3 2,4-J[OP noKka3al, ufo CHHTesHpoBaH- 
Had OKCHIMpOBMHOrpaynad KUCIOTA Obia CBOOOLHAa OT IpHMeCH MUpOBHHO- 
TrpaqHOH KUCJIOTHI U ee coulel. 

OnbiTbI C TOMOreHaTaMH V3 8-,HEBHBIX MpOPpOCTKOB MIMeHHIbI H H3 2-HeeNb- 
HBIX IIPOPOCTKOB Topoxa MpoBoOAUJIM Mo clesyromjeh cxeme: BapvanT | — 0,8 ma 
romoreHata -++ 0,4 mj Boab; BapvaHT I] — 0,8 ma romorenata + 0,4 ma pac- 
TBOpa okcHupyBata NH,; papuaut II] —0,8 ma romorenata + 0,4 ma pac- 
TBOpa OKcuTMpyBata K. 

PacTBopbl OKCHIMpyBaTa KaJIMA HM AMMOHHA ObLIH MOJYYeHbI MyTeM HeHTpa- 
JH3alMH HeEMOCpeACTBeHHO Mepef OMbITOM CBOGOAHOM OKCHNMpOBAHOrpalHoHi 
KHCJIOTH] pasOaBJICHHbIMU pacTBopamu KOH uau NH,OH. Onpitst c romorena- 
TaMH MpoBogzusu mpH pH 7,5—7,6. lomorenatsi c Takum pH nomysanm nyTem 
pacTupaHua 5 fr 3aMOpoOxKeHHbIX CYXHM JIbJOM 3eJICHbIX IIPOPOCTKOB B CTyIIKe, 
OXJIaxKCHHOM CMeCbIO 13 CYXOTO Jibjla CO CIHPTOM, H MOOaBMeHHA, Tocse OTTaH- 

BaHua, 10 ma docdatHoro 6Gydepa c pH 9,18 wu 15 mr NaHCOs (aim romorenata 
H3 MMeHMUbI) HH 5 Mi dochatTHoro Gydepa pH 6,98 u 15 mr NaHCOs (ans 
romoreHaTa 43 ropoxa). B ombitax ucnoub30Banu 0,03 M pactBop oKcunHupo- 
BHHOrpayHOU KHCJIOTLI, TAK UTO KOHeCYHAA KOHICHTPallMA ee B CMECH OblJla paBHa 
0,01 M. Muxy6aumto nposogusmu 1,5 uaca mp 37°, mocie uero peakiMio ocTa- 
HaBJIMBaIM WOOaBenvem 7,8 mi 96%-HOTO STaHOa (KOHe4YHaA KOHI[CHTPalluA 
cnupta 80%). Tloce crosHua cmecu B TeveHHe Houn mpu O—4° oTqemAnM WeHT- 
pudyrupoBpanvem ocasoK, HafocaouHylO *%KHKOCTb yiapuBasu Aocyxa B Baky- 
yM-3kKcuKaTope Hag NaOH, k cyxomy octaTKy jo6aBiamu 1 ma 10% usonpona- 
HOsla, CHOBa WeHTpudyrupoBalH WU W3 HaocaqOuHOH %XMAKOCTH MMKPpOMMmeT- 
KOH OTOMpasM mpoObl AA KOJIMYeCTBEHHOTO OMpelesIeHHA AMHHOKMCJIOT 
M aMMOB MeTOfOM xpomaTorpadun Ha Gymare (3%). J[aHHpie, mouyyeHHble 
B THIMUHBIX OMbITAX Cc TMeHHIeH WH TropoxoM, MpefcTaBleHb! B Ta6ul. 1, 43 
KOTOPOM BUHO, 4TO WOOaBMeHve OKCHMUPOBMHOrpagHOU KAMCJIOTHI K romoreHaTy 
BbISbIBAeT MHTCHCHBHBIM CHHTe3 CepHHa, COMpOBOKMAaOWMiicA yMeHbLUIeHHeM 
COjlep2%KaHHA HeKOTOPLIX AMMHOKHCJIOT H aMMOB. OcoOeHHO MHTeHCHBHO pac- 
XoflyloTca YTulyTaMMHOBad KUHCJIOTa HM aJlaHHH; MeHee SHeEprHuHO TpaTATCA 
-aAMMHOMACIAHaA KMCOTA, PlyTaMUH MW acnaparMH. Takum oOpasom, oyeBuHO, 
YTO OMOCMHTe3 CepuHa H3 OKCHMMPOBHHOrpayHOM KUCJIOTLI IPOMCXOAUT MyTeM 
mMepeaMHHUpOBaHHAA ee C yKa3aHHbIMH AMMHOKMCOTaMM M aMmuylamu. YObIIb 
‘TUYTaMMHOBOM KUCOTHI, a TaK2Ke APyruX AMMHOKHCAOT MU amufoB, HanOoulee 
HMHTeCHCHBHA B CJlydae BBeeHUA B TOMOreHaT OKCHMMpyBaTa Kalua. Takum 
_ 06pasoM, HaslMuHe B TOMOreHaTe HOHOB aMMOHHA OKasbIBaeT «COeperaiomiee» 
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JleHCTBHe Ha CBOOOJHbIe aM HOKHCJIO- 

Ta6auna 1 Tbl roMoreHata. Kak BHHO M3 [aH- 

Cogep»KaHve CBOOOJHEIX aMHHOKHCJIOT H aMi- HBIX TAO. 1, AOOaBeHUe es AOS 
OB B roMoredaTaX H3MpopocTkoB nmwenunupu HAaTy OKCHNHPOBHHOrpan Hou KHCJIO- 
ropoxa (B MHKPOMOJIAX Ha BeCb OObeM ONBIT- ThI BbISbIBACT 3HAYHTCJIBHbIM CHHTE3 
Holt cmecu) acnaparmHOBOH KHCJIOTbI. QTOT PakT 


AMHHOKHCJOTHI, 


aMHj{bl Bap. 1  TpeOyeT OCTaHOBKH CHelHaJIbHBIX 


OIIbITOB JIA BhIANCHCHUA (pepMeHTaTHB- 
HOO M€XaHH3Ma CHHTe3a aCiaparuvHo- 
BOH KHCJIOTbI H3 OKCHNUpyBatTa. 


Bap. I |Bap. Il 


Ilmenuuma 


pl ae a ne el G sg. |) lakes Tonyyenuple HAMM JaHHble 10Ka- 
Tayramuuopaa xuc- | | d 3bIBaIOT, YTO B FOMOFeHaTaX H3 3e- 
jiora Ge28. 10 42s 0407 JICHBIX IPOPOCTKOB MIMeHHILbI H Tro- 
Cepun 0,12 | 0,43 | 0,54 pOXa IMPpOHCXOAUT CHHTe3 CepuHa H3 
eRea (Be s Ma OKCHIMpOBH HOrpayHott KHCJIOTHI. 
Pnyramun 0/37 | 0,26 | 0,24 CuHTe3 3TOT COMpOBOx*KMLaeTca pacxo- 
y-AMHHOMaCIAHaA TOBaHHeM PxAf_a AMHHOKHCJIOT HW aMH- 
KHCIOTAa 0,24.) 0,14 0,14 JOB, HU, MO0-BHJMMOMY, MpoTeKaeT ry- 
TeM IlepeaMHHUpOBaHVA OKCHITMpOBH- | 
Boplon HOrpagHOli KHCJIOTHI C 9THMH aMMHO- 
Acniaparunopast KuC- ely kya : KHCJIOTaMH WH amMusamu. JlobaBnennue 
Pea tte ete 0366 ta S06 aes K FOMOreHaTy OKCMMMpyBaTa, HapsaALy 
Berd 2,33 | 4,59 | 4,34 C CHHTe3OM CepHHa, BbISbIBaeT TAK2KE 
Cepun 2,00 | 3,59 | 3,88 CHHTe3 aciaparnMHOBOM KUCJIOTHI. 
MucrutyT 6HoxumuH um. A. H. Baxa Tloctynusio 
Akajlemun HaykK CCCP 6 Ill 1961 


IMTHPOBAHHAA JIMTEPATYPA 


1M. Zelinkova, F. Sorm, Chem. Listy, 50(80), 841 (1956). * R. Rabson, 
N. E. Tol'beir t, Plant) Physiol.;' 32: suppl...) 357(195T)n9) 7s hee aw let HK ee 
McConnell, Canad. J. Biochem. and Physiol., 36, 381 (1958). * A. P. Wil kinso is 
1B), He Davies, Nature, 181, 1071 (1958). 5& A.H.W.Hauschil d, Canad. J. Biochem. 
and Physiol., 37, 887 (1959). ® A. Ichihara, D. M. Greenberg, Proc: Natl. Acad. 
Sci. U. S. A., 41, 605 (1955). * J. Hanford D. D. Davies, Nature, 182, 532 (1958). 
3A. I. Virtanen, M. Alfthan, Acta Chem. Scand., 9, 188 (1955). °® F. Di- 
ekie miss) Dima Williamson, Biochem. J., 68, 74 (1958). LORD SB raspy iis Ons 
BSG ihra argafl, Ji, Biols Chen, 164, 417 (1946). IM. L. Buch,R.Montgomery, 
W. L. Porter, Anal. Chem., 94, 489 (1952) 2s Dr Cral vaanleleieniigee Vie Serv onmiatectll are 
Biochim. et Biophys. Acta, 13, 439 (1954). #8 B. JI. Kperosuy, K.B.Ycneuckaa, 
Bwoxumua, 28, 248 (1958). 


pefcTapsiaeT Oompwok MHTepec HU _ 


Woxuane Akagemun nayx CCCP 
1961. Tom 139, Ne 2 


300J10F H 1 


A. A. BEP3HH 


O METOAMKAX OMPEAEJIEHHUA BOSPACTA CAMOK KALIAJIOTOB 
(PHYSETER CATODON L.) 


(ITpedcmaeazeno axademuxom H. H. Ill maaveaysenom 24 I 1961) 


J{o nocsleqHero BpeMeHH B HayKe CYiIeCTBOBaJIO TBEPoe yOeKTeHHe B OBICT- 
OM Temile pocTa H paHHeM M0J1I0BOM co3speBaHHH KallaoToB. Cuntaslocb, 4To 
CaMKH KalllaJIOTOB JOCTHaIoT NOJOBOH 3peslocTH B Bospacte 1,5 mer (2°,1%,?5), 

E]MHCTBEHHBIM CIIOCcOOOM onpeyesieHHA BO3PacTa CaMOK (JIA CaMILOB BOOOME 
HHKaKOH MeTOANKH He CYLLeCTBOBAaJIO) ObII METOA MOAcueTa Ha AMYHHKAX CJIeLOB 
IKEJITHIX TeJl OBYAWHH. OCHOBHOH TPyHOCTbIO MeTOMa ObIIO HM OCTaeTCA OKOH- 
yaTeJIbHoe paspellieHHe BOMpoca O XapakTepe OBYJIAMHH,T. €. BCE JIM CJIEQbI *Ke- 
THIX TEI, PASJIHUMMbIe Ha AMYHHKAX, ABJIAIOTCA CJIECTBHEM GePeMeHHOCTH HIM 
YaCTHUHO NOABHJIMCh B pe3YyJIbTaTe CNOHTAHHOH OByAWHH. Jia Oomee MeKUX 
TipefcTaBuTeyieh 3yOaTblx KHTOOOpasHEIX (°,1°,11,14) mpoBOMMpOBaHHBIM xapakTep 
OBYJAWMM (a 3HAYHT HU OTCYTCTBHE XKEJITHIX TeJI OBYJIAIMH) MOXKHO CUHTATb OKa- 
3aHHbIM. Ho axe nocwle pa3pelieHHA CHOpHOro BONpoca O MPOLOJMKHUTeJIbHOCTH 
NOJIOBOTO WHKa H KOJIMYeCTBE OBYJIALHH 3a NOJOBOH WHKJI Ha OCHOBaHHH aHa- 
JIM34 AMYHUKOB HEIb3A LaTb 3aKJIIOUCHHe O BPEMEHH HACTYMVJICHHA MOMOBOH 3pe- 
JIOCTH, O Pe€TYJAPHOCTH ICHKH, YTO HMeeT OUEHb OObUIOe 3HAYeHHE, TaK KaK 
TPYMHO MpeMNoOKUTb, YTO WIEHeHHe MpOXxOLHJIO 6e3 NepepbIBOB, OCOOeHHO 
B CTaplleM BO3pacTe, a TaK2Ke O BPeMEHH, MIpoulesUemM Mocwie NpekpalleHHA Tex- 
TeJIbHOCTH AHYHHKOB. 

B 1950 r. 6pia pa3pa6otaua (°°) MeToqHKa ompeyevieHHaA M10 HemocpescTBeH- 
HbIM BO3PaCTHBIM MOKa3aTeJIAM — M10 CJIOHCTOCTH JeHTHHAa 3yO0B — H ompeyevieH 
‘BO3PaCT Y MOPCKHX KOTHKOB. ITO MO/O*KHO Hayao PAY AHAOTHUHEIX PadoT 
110 MHOMM JiPYrHM MOPCKHM MJIeKOMHTaIONlHM — TiosleHsam (17,18,?° 8 28), KyTo- 
oOpa3HpiM (?”,*!), B TOM 4HCJe HW KalllasioTaM (78). 

C 1957 r. Mbl TakxKe MpHCcTyMHIH K paspaOoTKe MeTOZHKH H OMnpee/leHHto 
BO3pacTa KalllaJIOTOB MO MepHOLMYeECKOH CJIOHCTOCTH JEHTHHa 3YyOOB. 

Iliad CaMIUOB KalliaJIOTOB, COCTABJIAIOUIMX OCHOBY TIPpOMBbICJlIa COBeTCKHX 
J\aJIbHEBOCTOUHBIX KHTOOOHMHbIX (PJIOTHIHH, HOBAA Me€TOANKAa ABJIAeTCA NepBoH Hu 
T10Ka EMMHCTBEHHOH, MosTOMy paspadoTkKa ee OUeHb BaxkHa. JIA CaMOK KallaJIOTOB 
HOBBIi METOJ, LaeT BOSMOKHOCTh BECTH OMIpetevIeHHe BO3paCTa JBYMA Napa JeJb- 
HbIMH TyTAMM — MO SAWYHHKaM H 3yOaM, 4TO BCerla IIPHBOLUT K Oovlee JOCTO- 
BePHbIM pe3ybTaTam. Kpome Toro, 10 HOBO MeTOAMKe BOspacT onpeselAeTcHA 
MO HeMOcpeCTBeHHbIM NOKa3aTeJAM. 

Mbt mpoBeiu ompezenenue Bo3pacta 61 camKu *, ZoOniTohH B 1958—1959 rr. 
KHTOOOHHOH cbioTumueH «AneyT» H Bropo aIbHeBOCTOUHOH JIOTHIMeH; U3 
HUX BOspacT 31 caMKH ONpee/IAJIM ABYMA YKa3aHHbIMH BbILMe MeTOJaMH. 

IIpu onpeqenenuu Bospacta No nepHosuyecKON COMCTOCTH JEHTHHAa 3yO0B — 
Ha OCHOBaHHH aHaslu3a YHCJla CIOeB Y M@JIKHX KallaJIOTOB WH MO aHaJIOrHH C (PHH- 
Baviom (19) — Nishiwaki u ap. (7%) cuntator, ¥To B 3yOax y KalilaJIOTOB exKerogHO 
\oOpas3yeTcaA Mo ABa CJIOA AeHTHHA HW KOJIMYECTBO CJl0eB Mo BCel 3yOHOH Cepuu 
O4MHaKOBO. Onpeseian Bo3pacT CaMOK IO AWYHHKAM, 3TH ABTOPbI UCXOAMIH 


* OrpaHuueHHoe KoJMuecTBO KallaloTOB, AvIMHOH MeHbule 10,7 M , B TOM 4HCJe H JaK- 


THPYIOULMX CaMOK, ObIIO AOObITO MIA HayYHO-HCCefOBaTeIbCKHX Wee MO crelHa/ibHOMy 
pa3pemenuio [uaprocphidsoya. 
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3 CHOHTAHHOH OBYJAWMH HU, ONe€PHPYA OCPpeHEHHbIMH aHHbIMH, IPH K BbI 
BOY, YTO 3a ABYXJIeTHHH MOJIOBOH WHKJI Ha AWYHHKAX OOPasyeTCA [Ba KEITH 
Tesla (HJIM COOTBETCTBEHHO Ba Clea OT HHX). OHH He YKa3bIBalOT Ha pa3sHUH 
MexKLY CJIELaMH XKeJITHIX TeJI OEPEMEHHOCTH H OBYJIAWLHH. 

Onpelesia BOSpacT KalllaJIOTOB 10 OCeBLIM CIMaM MepBbIX HM MOCIe_HAX 
3yOOB, MbI TaKxKe CUHTAeM, YTO 3a FOX OOPa3syeTca No JBa WHPOKMX COA JeHTH 
Ha, HO, OM HAKO, He MIpH3HaeM, UTO STHOJIOPMA STHX HACJIOCHHH PaCKpbITa, H B ITOM 
BHJMM CaMoe YA3BHMOe MeCTO HOBOH MeTOLNKH. 

IIpu ompezeseHHuuH Bo3pacta ca- 
: . MOK KallasIOTOB TO CJIeEaM KeTHIX 
% TeJl, Mbl HCXOAWIM 3 cyIeLyIOMUx 
MOJIOXKCHUM, OTJIMGHbIX OT H3JIOxKeH- 
HbIX BBIIe MPeAMOCbIIOK AMOHCKHX 
. x yuccyIeqoBaTeven. 
OpyJAWHA Y CaMOK KallaJiOTOB, 
x 500 Kak H Y Apyrux npescTaputTeseli 3y- 
6aTbIX KHTOOOpa3sHEIx—Gesyxu (7,14), 
cone é neab@uHos (°-"), npopomupoBaHHaa 
Ws HM, CJI@OBaTeJIbHO, KaxKJIbIi culeq Ha 
10 20 30 40 50. 60 >60 AWUYUHHKAX ABJACTCHA pesyJIbTaTOM 
Yueno cage genmuna 6epemeHHocTu. E. C. Uyxaxuua (1%), 
MpOBOAHBINAA THCTOJOrHYeCKHH aHa- 
bu. Sapremicen wonay sommvermou iS: aH3 eae0B KATH Ten, OTMeHeT 
KalllaloTa H 4HCJIOM CjlOeB JeHTHHAa B 3y6aXx. HaJIHYHE CIIEMOB 2KEJITHIX TE OBYJIA- 
J] —janHbie aptopa, 2 — qaHHble smoncKHx UHM H ONpeedaeT, YTO HX KOJIHYC- 
uccueqopatesieli (°8) CTBO MOET ObITh LO 2% oT oObmlera 
yucwla culeloB. CuuTaem, YTO yKa3aH- 
Had WHdpa HacTOJIbKO MaJla, UTO JICKUT B Mpeselax BMOJIHE BO3MOXHOK METO- 
AW4eCKON OWHOKH, a ecJIM axKe H BOSMOXKHO NOABJICHHE TaKOrO KOJIMYECTBA CJIe- 
OB XKEJITHIX Tes OBYJALHH Cpe OFpOMHOFO MaTepHasia, TO HMH MOKHO Iipe- 
HeOpeub HW B pacueT He IIPHHMMATD. 

JIasee, y yCaTbIX KHTOB, y KOTOpbIxX 10 JaHHbiM ((1~°,74,2°) uw ap.) oByIAWHA 
CHOHTaHHadA, Ha AMYHHKaX (HanpuMmep, PUHBaJAa) OTMeYeHO TO 33 ceMOB OBY- 
aun (7,*), mpwyem HeOoOxOAUMO YYeCTb, YTO TaAKOE KOJHYECTBO CMEIOB OOpasy- 
eTCA Ip MOHOoramuH. Moxkuo ObITb YBEPeHHbIM, YTO CaPpHBaHHve CaMKH PUHBA2 
(a 3HaYHT H BO3MOXHOCTb GepeMeHHOCTH) B C€30H Pa3MHOXKEHHA BO3MOXHO Fo- 
paso valle, YeM KaxKJOH CAMKU KalllaJloTa B yCJIOBHAX TapeMoB. Tem He MeHee, 
mio 2aHHbm ((7°,28) uw ap.) w mo MaTepuasam E. C. Uyxakuuoit, a TakxKe HallluM 
J[aHHBIM, KOJIMYECTBO CJIeEQOB OBYJIAWHH He TpeBblllaeT, Kak mpaBuso, 17—19. 
MxntepecHo, 4TO IpHMepHo TakKoe 2K€ MAKCHMAJIbHOe KOJIHYECTBO CJIENOB HIM He- 
MHOTO MeHbIIe (4TO BMOHe eCTeCTBEHHO) OTMe4eHO UM AIA MpelcTaBuTejer 
cemelcTBa jeabdpuHoB (°,°,°,4), aaa KOTOpHIX JOKa3aHa MpOBOWMpOBaHHas 
oBysuHA. [pu Hainunn OobUIMX rapeMOB HV B CIyYae CNOHTAHHOM OBYJAUUH, 
Kak IIpeANOTararoT OTAEJIbHbIe ABTOPHI, KOJIMYECTBO CJIEQOB OJKHO ObIJIO ObI ObITb 
3HAYHTeJIbHO OOJIbINHM He TOJIbKO 110 CpaBHeHHIO C yKa3aHHbIMH Wud@pamu, HO 
M10 CpaBHeHHIO C ycaTbIMH KHTaMH. B jjaHHOM CJly¥ae HMe€HHO MpOBOMMpo- 
BaHHad OBYJIAWHA ABJIAeTCA OMOOrHueCKH WemecooOpa3sHoHn. 

Cuelbl OT aTPe3HPYIOIWUXCA COUIUKYJOB NOCTaTOUHO XOPOWO OTMHyAaIOTCH, 
KaK H Y APyrux 3yOaTbIx KUTOB, OT CJIeOB KEJITHIX Te] GepeMeHHOCTH. 

BepemMeHHOocTb KalllaJIOTOB MbI IpHHumMaem paBHo 16—17 mec. (28,?°,25). 
JlaKTallua He IIpenATCTByeT CNapHBaHHIO HW HOBOI OepeMeHHOCTH, TaK Ke Kak 
HM y Apyrux BYOB KHTOOOpasHbIxX (HM ycaTEIx (*,1°), H 3yOaTbIx (7,°,11,12,1424)). 
TeM CaMbIM LHKJI pasMHOXKeHHA paBeH 1,5 rojaM Cc BOSMOXKHbIM MepepbIBOM MOCue 
CeLyIOMUX pyr 3a Apyrom 3—4 eTopoxjeHni. 

Tlonopaa 3pesiocTb caMOK KalllasIOoTOB, Kak CJleqyeT u3 NOCeHUX LaHHEIx 
(*°), a TakoKe HalIMx HeOOJbIUMX MaTepHasIOB, HacTynaeT B Bospacte 4—5 ser. 

Hopoe ompeyesieHHe BPCMeHH HaCTYIJCHHA MOMOBO3peNOCTH XOpOUo corvia- 
cyeTCa C BPeMCHEM HaCTYIJCHHA NOMOBOH SpeJOCTH AIA Apyrux upelcTaBuTenet 
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18 
16 
14 


Yucno cnedo0b menmez men 


BS worToegegers 


MY 


TaOnnuueand 


PesyJIbTaTbI aHaIH3a BO3pacTa CaMOoK 


a i Gureaxcr. 6. 
a NON |TauHa, @usHoMoruy. cocT. caMKHu ae rely KT .O.* Bospact, set 
1. 1. M WH QHHa SMOpHOHA, CM 
I II I | II /no0 suuHuK.| no 3y6am 
ft 8,5 Undbantuspnasa He usmepenp | 0/0 O/OM 107425 4 
@ Sal » » » 0/0 0/0 | no 4,5 4 
3 9,3 Anopaa 15 14 4/0 3/0 ne 5) 14 
4 9,8 400 22 21 4/1 1/0 ) 8 
5 9,9 400 22 16 5/4 2/0 4G} 513) 1655 
6 | 0; 1 AW) 18 19 3/1 2/0 (2) f3) Ss 
The shea! JlaxTupyromasa 21 25 3/0 4/0 15 16 
SiO 1355 20 21 6/0 3/4 18,5 25 
Set105 2 412 30 on 2/0 2/4 12 dit 
AO LOK2 OMOp. He Haliy. 20 Pil 2/0 Pali 44 LAS 
14 10,2 42 21 20 0/0 2/1 8 14 
OP ONS 398 16 18 4/4 5/0 16,5 16 
43) 10,4 Anopaa 19 Zag 3/0 4/0 iL), 16,5 
14 | 10,4 » 19 18 7/0 6/0 24,5 454+4 
5) AOR) JlakTupyromaa 13 15 3/0 4/0 15 40 
MG 0,9 412 21 20 5/0 Syl 18 14 
Ayes | OSS) 400 28 30 | 4/0 2/4 A 15e 
ey |) aha) SH mopaa 22 23 2/0 3/0 13 W/ 
19 NOR JlakTupyroulaa 18 18 3/0 3/0 14 19) 3 
20 He10%8 26 23 2, 4/0 3/41 15,9 16 
2A 10,8 36 He u3mepenpr| 3/1 2/0 55) 1 sh 
| ANOS) OmOp. He Haliz. » » 8/0 3/4 21eo 25 
PE KORE 365 21 oes) 2/0 3/4 daa) 28,5 
BY || Slaliag QmOp. He Halig. He u3mepeupr| 8/0 9/41 30,9 30+ 
PAs || alah 439 21 28 4/0 1/4 o/s} saya) 
20m ele QmMop. He Halig. 32 33 4/0 3/1 158) 20,9 
mee 2 2 Anopaa 22, 23 6/0 8/0 26,5 29 
i Pret | kita) » ae 16 8/0 6/0 26,5 30+ 
me) 29 44,4 » 15 V2: 8/0 3/0 AES D5) 
m 30 | 41,6 JlakTupyroulaa 1a 13 4/0 4/0 AG 25 
= 34 sae7 Anopaa 44 14 | 10/0 6/0 29 30-+ 


y 


wr 


€ 


IlpuHmMeuanue. 3Hak-+o3Ha4aeT, 4TO BOSpacT CaMOK HeMHOTO Goble, 4eM MOMKHO onpese- 
ABTS M0 3y6aM, TaK Kak NOJOCTb MYJIbMbI 3aKpbisacb; 3HaK ++ O3Ha4aeT, ITO BO3PAaCT CAMKH 3HAUHTEJIb- 
HO 6oublIe, YEM MOKHO OMpefeUTb, TAK KAK MOJOCTh MYVIbMbI 3aKPbllacb AaBHO, a C BepUIHHbI 3y6a 
SHAYHTEMbHOe KOJIM4ECTBO CMOeB FeHTHHA CTepsOcb. 

* oK. T. 6.— *KesTHIe Tea OepeMeHHOCTH. 


3yOaTbIX KHTOOOpasHbIX, HalpuMmep y JerbduHoB 3To 3—4 roma (°,8,°,1), MuTe- 
pecuo, uTo u paubue A. [. Tomuuun (!”) BEIcKa3bIBasI HeELOYMeHHe O HeECOOTBET- 
CTBHH B CpOKax HaCTYIJIeHHA MOOBO3pesocTH MewKHXx (3 roa) H KpyMHbIx 
(1,5 roga) 3yOaTsIx KuTOOOpasHbIx. Temepb OHO ycTpaHeHO yCTaHOBJIeHHeM 
Gomee MO32Hero BPeMeHH| MOMOBOrO coOspeBaHHA KPYNHbIX 3yOaTbIX KHTOB — 
KalllaJIOTOB *. 

IIpu ucuncieHuu Bo3pacTa CaMOK NO AMYHHKAaM MbI YYHTHIBAIH BO3PaCcT 9M- 
6PHOHOB WIM COCTOAHWe CaMKH, Hampumep samoBocTb. Bospact, BbIuHCJIeHHBIM 
mo cueqaM, CYMMHPOBaJIM CO BPeMeHEM JOCTHXKEHHA MOJOBOH 3peOCTH: B cper- 


Hem 4,5 roya. 


Pe3ybTaTbI aHaiu3a Bo3pacta 31 camKu cBefeHbI B Ta. 1. SaBHCHMOCTb 


Mex] yY KOJIMYECTBOM CJIOCB J€HTHHaA B 3y0ax HM KOJIMYECTBOM CJICXOB 2KEJITHIX 


ni] 
7] 


| 


: 


Tel OepeMeHHOCTH Ha AMYHHKAX MoKa3aHa Ha px. |. 

Kak loKa3blBaioT JaHHble Tab. 1, B 35% cyuaeB BOSpacT, OMpeeJIeCHHbIN 
COBEPINCHHO Pa3JIHUHbIMH MeTOAaMH, COBMaaeT COBepLIeHHO TOUHO (c pasHuuel 
fo | roga B cpeytHem u cTaputem Bo3pacte). JI ma Gomee vem 40% camoxk BospacT, 
OMpeqeeHHbI MO 3y6aM, OKa3avicAd OObIIHM, OCOOeHHO B CTaplemM Bo3pacTe 

* Her moka €JHHOrO MHECHHA B MOCIeEIHHX HCCJIeEIOBaHHAX COBeTCKHX H 3ap yOeKHBIX y4e- 
HM{X O BPCMeHH JOCTHKeHHA MoNoBo3spesocTH Geyxu: 1,5—2 roga mo C. E. KuelnenOepry u 
A. B. A6noxopy (*) u 6—8 ner no Sergeant’y (*4). 
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(rocne 15—18 set, onpeyeneHHbIX 10 3y6aM), HW 3TO COBEPIICEHHO eCTeCTBeHHO, 
TaK KaK B JOObue H3-3a OpaHHYHTeIbHbIX Mep MpeBaMpyloT KpynHble (Lz 
camMoK BooOmle) oco6u. A mosTOMy, Kak STO TIpeANOaraJiM OTACJIbHbIe UCCJIEAOBa~- 
Tew u panee (°,°), 3aKoHOMepHO, 4TO NepHOANKa WIEHKH HapymaeTcaA mepepbl- 
BaMH B AETOPOXKAeCHHH, KOTOPbl€ HaKalWJIMBaACh JaloT B pesyJIbTaTe ONpeeeHHh 
10 AMYHHKAM CHJIbHO 3€HW2KEHHbIM BO3PaCT NO CPpaBHeHHIO C HCTHHHbIM, YTO HU 
TOATBEPAUJIM MOJYYeHHbIe AHHble ONpeevieHHA BOSpacta M10 3yOaM. B KaKOH-TO- 
cTeneHH 06 3TOM Ke CBUETEILCTBYET H CuIeLyIoWlad, BUAHMaA u3 Tad. 1, Kop- 
PCIAIUA: B MOJIOBHHE Cy4aeB HECOBMaeHHA BbIYHCICHHBbIX BO3PacTOB (Cc OoJIb- 
IMM BO3paCcTOM, OMpeeJIeHHBIM M10 3yOaM) KOJIMYeCTBO *KEJITHIX Tes OePpEMeHHOCTH! 
B Pa3HbIX AMYHHKAX He coBMaaeT Ha 2 MU Ooee. ITO MOXKET FOBOPHTb O TOM, TO, 
Kak IIpaBHJlO, B MOATOTOBKe AMYHUKOB K OBYJIAWHH COOOMaeTCA OYepeHOCTh, 
WU (pH MpOBOMMpOBaHHON OBYIAWHH) B CJlyuae OTCYTCTBHA CaMIa JIM pH He~ 
COBMaeHHH Ce30Ha pa3MHOXKeHHA C AKTHBH3aUMeH eATeJIbHOCTH AMYHHKOB 
(peabHoro OaroqapA mMOuyTopaneTHemy, a He TOJOBOMY HIM AByXrosOBOmMy 
IHKJIY Pa3MHOXKEHUA) OBYJIAWHA HE MPOHCXOMUT, a B CJeELYIOULHH Ce30H OBYJIH- 
pyeT Apyrou AH4HHK. 

B yerTpipex curyuaix BO3pacT, ONpesevieHHbIH TO AMYHHKAM, OOJIbIIe, YM 
BO3PACT, ONpeeJIeHHbIi Wo 3yOaM; MpaBlla, B BYX M3 9THX ClyyaeB pasHulla Oplia 
Bcero B | row, YTO MOXKHO JONYCTHTb, a B ABYX APyrHXx pasHula AIA CpeqHero 
Bospacta Becbma BeHKa (4—5 net, NoNe 15 uv 16) Hw moKa HeOoObACHHMAa. 

Ha rpaduke (puc. 1) Hamv HCNOJb30BaHbI JAHHbIe AMOHCKUX HCCJeEAOBAaTeEeH 
HW Hamm WanHpe. Ilockombky Nishiwaki u yp. (7%) cunTaioT, uTo Ha AMYHUKAX OL- 
HO XeJITOe Teo OOpasyetcs 3a | roy, a No HaWIMM JaHHbIM — 3a 1,5 roya, Koop- 
MHATHI TOURK 110 HaWIMM MaTepHaslaM pacnoJlaraioTca Oovlee NOJIOrO Mo cpaBHe- 
HHO C KOOPAMHAaTAaMH TOYeK TO ATOHCKHM MaTepHaJiaM. BuyLHO TakxKe, 4TO B JlO- 
Oplye COBETCKHX KHTOOOHHBIX (PJIOTHMH MpeoOsalaioT Oovlee cCTapble CaMKH, 4M 
B QOObINe ANOHCKHX CIOTHIMH U3 paoHa SIMOHCKHX OCTPOBOB. 


THXOOKeaHCKHH + HAYYHO-HCCeAOBATeIbCKHM WHCTHTYT Tocrynnso0 
pblOHOTO XO3HiCTBa H OKeaHorpaduH 19° 1 1961 
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Wornagn AkagemMun HayKk CCCP 
1961. Tom 139, Ne 2 


PHSHOJOTH 


JI. F. MATASAHHK 


O BJINAHHH AXPEHAJIAHA HA XOJIMHSPPHUECK YIO 
KOHTPAKTYPY CKEJIETHDIX MbIWOH NTH 


(ITpedcmaeaeno axademuxom B. H. Yeprueoeckum 13 III 1961) 


Haunuaa c 1895 r. (7°) Bompocy o TelicTBuH allpeHasMHa Ha CKeJIETHbIC MBILLI- 


bl NOCBAWLCHBI JeECATKU paoot, OLHaAKO JO CHX TOP He CYIIeCTByeT eX HHOTO 


TIpeicTaBseHHaA O XapakTepe 9Toro elictBua. B ocobeHHocTH MpoTHBOpeYUBbI 
J[aHHbIe O BIIMAHHH AlpeHasiHuHa Ha TOHHYCCKHE MBILIILBI. 

Op6emu, Pugzenprompy u Tunennuckuh (°,4) moKa3aiu, YTO TOHOMOTOpHaA 
peak“ JeHepBUpOBaHHOrO A3bIKa COOaAKH MOBBIIAeTCA IPH BBeLeHHM alpena- 
JiMHa WIM pasipaxkeHHM CHMMaTHKyca; STOT Sc:pPeKT MOXKET ObITh CHAT HOXUM- 
6UHOM, T. e. cummaTomuTHKoM (?). Jleia u Toqmgam (1%) o6HapyxuaH 3TO JelicT- 
Bue Ha eHepBUpOBaHHOH Auadparme Kpwichl, [amnukas (1) — Ha enepBupoBaH- 


HOH WKPOHOXKHOM MbBILIMe KOLKH. 


OOpaTHEI sddpekT — yrHeTeHHe TOHMYeECKOH PeaKIHH MbBIILUbI NOX BJINA- 
HHeM apeHaJIvHa C He MeHbIIeH CTeMeHbIO YOCLHTEJIbHOCTH OblI WOKA3aH Ha TeX 
we OObeEKTAaX. Tak, PpankK u Ap. (1%) HaGoMamH yrHeTeHue allpeHaJIMHOM TOHO- 
MOTOPHOro (beHoMeHa Ha JeHepBHPOBaHHOM A3bIKe, Taccep u Jeti (17) u JLann- 
Jiop (°) — Ha JeHepBHpOBaHHOH MbIMe KOWKH. PpiGouoBeB (7) OOHapyxHI 
CMOCOGHOCTh allpeHasHHa CHHMATb TOTeHUMpyromlee JelicTBHe Mpo3sepHHa Ha 
alleTHIXOJIMHOBOe COKPAalleHHe MPAMOM MbBILLIUbI KUBOTA JIATYLWIKH. 

BbwIO MOKa3aHoO TakxKe HW ABydasHoe JevcTBue alpeHaJIMHAa Ha UYBCTBHTEJIb- 
HOCTb J€HEPBHPOBaHHOH MBI K alleTHIXOJIMHy: CHaYaia yrHeTeHHe, a 3aTeM 
HeEKOTOPOe MOBbILNeHHe YYBCTBUTeIbHOCTH (1°,?*), 

B HacTosmeh padoTe MBI NOMbITaIHCb H3YYHTb AeHCcTBHe apeHaJIHHa Ha TO- 
HHYECKYIO MBILUILY TeMJIOKPOBHOTO C COXpaHeHHOM HHHEpBallMelH — HKPOHOKHY!IO 
MBIIUIY uTHu. Ham yaiocb O6HapyKUTb TO TOMY BOMpOcy TOJIbKO OHO Ha- 


 Omronenne Taccepa u Jena (1’), KoTopple noKasaiu, YTO alpeHaluH yKopayH- 


BaeT JJIMTeJIbHOCTh KOHTPaKTYPbI MTHYbHX MbILIM, BbIsBAaHHOM HHKOTHHOM. 
MeToguxka. Onbpitel cTraBuauch Ha neTyxax JlerropH (1,5—2,2 xr) 4 
Tomy6ax o6oero moma (250—400 r), HapKOTH3HpOBaHHbIx HemOyTasiom (30— 
40 mr/Kr BHYTpHMbINeuHO). CokpameHuaA m. gastrocnemius perucTpHpoBaJIUCb 
u3soToHHueckn. IlepudepuyecKHl OTpe30K ceaMU,HOrO HepBa pas pamxasicd 
IPAMOYTOJIbHBIMH HMIYJIbCaMH C MOMOMILbIO TWWIATHHOBBIX WJM XJIOPHPOBaHHbIxX 
cepeOpAHBIX 9e€KTpOLOB. BuonoTeHWHavJIbI MbILUIbI OTBOANIHCh JBYMA Cepedps- 
HbIMH XJIOPHPOBaHHbIMH IICKTPOLaMH HU PerHCTPHPOBaJIUCb MocpesCTBOM OasaHc— 
HOrO YCHJIUTeIA MepeMeHHOrO HalpAxKeHHA Ha WeldHOM ocuMorpade. Be- 
IeCTBaA BBOJUIUCb B NOAKPbIWIbIOByIO BeHy. B wacTH ONbITOB Ha/laxKHBaJIOCb 
BBeJeHHe BelleCTB BHYTpHapTepHadbHo. Ja STOrO OTIpeMapoOBbIBalacb COCYy- 
WucTad ceTb OOJacTH KOJIeHHOTO cycTaBa. [lepeBxA3bIBaJIMCb BCe MbILIeUYHbIe 
BeTBH MH JUCTAaIbHbI KOHeI a. poplitea Kpome AByx BeTOK: K m. gastrocnemius. 
u K m. tibialis post., nexamel MequabHee, B KOTOPY!0 BCTABJIAJICA OUCHb TOH- 
KH MOJIMSTHJICHOBLIN KaTeTep. [lenTpasibHee KaTeTepa Ha apTepHio MOMmelaJica 
3aKUM, CHHM@BIIMCA TOJIbKO Ha MOMeHT BBeEeHHA. Takum OOpasom, IIpH OBICT- 
POM peTporpay,HOM BBeeHHH BeLeCTBa OHO TOKOM KPOBH Cpasy Ke 3aHOCHVJIOCb. 
HeNMOCpeCTBEHHO B BeTOUKY, NHTaouLyio m. gastrocnemius. OtekKTHBHOCTh MeTO- 
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AUKH Oblula MpOBepeHa C NOMOMIbIO HHbEKWMH PaCTBOPa MeTHJICHOBOH CHHH. 
PacrBopbl BelleCTB FOTOBHJIHCb ex tempore Ha pacTBope Tupoge. B 4actu onbi- 
TOB IIPHMCHAJIOCb HCKYCCTBEHHOE JILIXaHHe. 

PesyabTatTu. IIpu BBeleHHM NTHIAaM JeKaMeTOHUA, AMTHAMHA (CyKU- 
HHJIXOJIMHa), KOp KOH (AMX OJIMHOBOLO Supa MPOOKOBOM KHCJOTHI)H AalleTH JIXOJ- 


ae 


Puc. 1. AqpeHanun B yose 0,1 mr/Kr BHyTpHBeHHO (A) mpe- 
WyupexkyaeT KOHTpakTypy HKPOHO2KHOH MbIMIIbI PoyOs, BbI- 
3BaHHYy10 BHYTpHBeHHBIM BBeweHHem 0,05 mr/Kr quTuinna (Z1) 
v 0,1 mr/Kr KopKonna (K), CemavmiHbiii HepB pa3sqpaxasica 
OXHHOWHBIMA HMMysbcaMH | pas B 15 CceK. 


Ha BOSHHKA€T CHJIbHad TOHMYeCKad PpeaKUHA HKPOHOXKHOH MBILIMbI, CONPOBOXK- 

Jaroulaaca OJIOKOM HepBHO-MbIMIeYHOK MepesayH. B cslyuae alleTHJIXOJIMHAa MH KOp- 

KOHHA KOHTpakTypa 4pe3BEMaHHoO KpaTKOBpeMeHHa, Tak KaK 3TH BelleCcTBa JIErKO 

THApOMM3yloTCH xXOMMHScTepason. JekameToHuM eHCTByeT CpaBHUTebHO JoOu- 

TO, JHTHJIMH 3aHHMaeT TIPO- 

MexKYTOUHOe MooweHue. Ec- 

Ne JIM BEIKJIOURT MepHoyuyec- 

Koe pa3ipaxkeHHe HepBa HU 

PerHCTPHPOBaTb TOJIbKO CO- 

CTOAHHe TOHYCa MBILIILbI, TO 

| IIPH BBeeCHHH OHHX H TeX 

2Ke Jl03 BeleCTB BO3HHKAalI0- 

lad KOHTpakTypa OKa3bIBa- 

eTca Oovlee JJIMTeIbHOH, HO 

MeHEee BLICOKOH, ¥eM IPH OL- 

HOBpeMeHHOH mepHosuyec- 

t Ay KOH HelpAMOH CTHMYJIAWLMH. 

AjpeHauH, BBeeHHbIi 

Puc. 2. Tonueckue coKpatlenua MbINUB netyxa npd BHYTPHBeHHO 3a 30—60 cek. 

BHYTpHapTepHaIbHOM BBeJeHHH alleTHMXOMHHA (Ay) 27B oO HHBeEKILMH JilenToKypape 

odpeme 0,25 Ma (cTpewKH BHH3y) Kamyple 5 -muH. Tlocme mosax 0,05—0,2 mr/xr, 

BBeLeHHA BHYTpHapTepHanbuo 0,001 y anpeHanuHa (Adp) 

peakiia Ha alleTHIXoNuH SBHayae MogapaseTcs, asatem MPCAYMpe*KMaeT pasBHTHe 

CTaHOBHTCA BbIle HCXOTHOM« KOHTPaKkTYPHOH peakiHn. 

YqaeTca wosoOpaTb Takue 

COOTHOIeHHA 03 allpeHasuHa MW JieTOKypape, MpH KOTOPbIX KOHTpakTypHaav 

peakIHA MOMHOCTHIO NOLaBAeTcA. OHaKO STOT SPpeKT upesBLIyaHHO KpaTKO- 

BPeMCHHbIM, yxKe Yepe3 3—5 MMH. MOBTOPHOe BBEAeHHE JIENTOKYpape BbISbIBaeT 

THIMUYHBIA SppexT (puc. 1). Touno Takoe xe mpoduiakTMyecKoe JelicTBHe OKa- 

3bIBaeT HOPatpeHasuH. ApeHaiuu,' BBOMMMbIM Ha BbICOTe KOHTPaKTYPHI, BBI- 

3BaHHOH JeKaMeTOHHeM, He OKa3bIBaJI HHKAKOFO BHAHHA Ha ee BEICOTY HM LH- 

TeJIbHOCTb. TakHM o6pa30M Mor ObITb MOJy¥eH TOJIbKO «mpodpuiakTHyeckHi» 
apex alpenauua. 

[Ipu BHYTpMapTepHabHOM BBeMCHHU MAJILIX KOJIMYECTB alleTHIXOJIMHA TaK- 
*Ke BOSHHKaeT TOHHYeCKaNd peakuua. A peHadHuH, BBCMCHHBIM BHYTPHapTepHavb- 
HO B Jose 1—2 y, nomHocTbIo NpexynpexkLaeT peakIMIo Ha aleTHIXOJIMH B Te- 
uenve 10—20 mun. IIpu BBeqeHuu ropasqo MeHbIIHX 403 alpeHaMHa WAH HOp 
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4 


ih 
aypenaiuna (0,0005—0,001 y) B uacta onpitop (4 u3 7) HaOmofasacb yBy- 
(hasHad peaKkllHA: HeMOcpeACTBeHHO NMocwie BBeeHHA allpeHamuHa (2—3 mun.) 
OTBETbI Ha BBCJeHHE ALleTHIXOJIMHA OTCYTCTBOBAJIN, 3ATEM OHM MOCTeMeHHO BOC- 
CTaHaBJIMBaIHCb HM CTAHOBMVJIMCb axe BbIIe, YeM 0 alpenamuua (puc. 2). Ipu 
JaJIbHeHINEM CHYKEHHUM JOSbI alpeHasIMHa uCuesaIM KaKHe Obl TO HH ObIJIO ero 
SpekTH. B Tpex onbiTax HaOJOLaJOCcb TOJIbKO YrHeTeHHe peaKIMH Ha alleTuI- 
XOJMH O€3 TocweqyroueH ashi yCuMeHHA SdpPpexra. 

TlocTaBJIeHHBbIe OMbITbI WOKa3aJH, YTO al|peHasMH axKe B OUCH MAJIbIX 203aX 
Cmoco6eH MpesynpexkaTb TOHMYECKy!IO peaKILMIO MBILIbI THI Ha [enouApH- 


| | Adp 


Puc. 3. OfHosBpeMeHHasd peructTpallua cokpauleHHi JByx 
HKPOHOKABIX MBI WeTyXa Ha pasHblxX KOHeUHOCTAX. BBepxy 
IPH HeMpepbIBHOM HeMpAMOM TeTAHH3alHH HMILyJIbCaMH C ya- 
croton 100 ry. BHusy — Np KpaTKOBpeMeHHbIX TMepHouuec- 
KHX TeTaHvsaluax uacroTroH 100 ru, aaamuxca 0,1 cex., 
yepe3 Kamkgpie 15 cex. Anpenanun (Adp) B jose 0,2 mr/Kr 
NOfaBsseT KOHTPaKTYpHyIO peaKIHIO, HECKOJIbKO MOBbIMAA 
(a3soBylO JeATeEMbHOCTh MbIIIIIbI 


SYIOIIHE BeIeCTBAa (AlleTHIXOJHH, JHTHIHH uM p.). [Ip 3ToM OH He OKasbIBasl 
yrHeTaionlero JeHCTBUA pH MepHOAMYeCKOM pa3paxKeHHH MBILLILLbI OMHOUHBIMU 
eTumysiamu (1 B 15—20 cek.), BosOyxJalolliMH B OCHOBHOM OBICTpHIe :ba30BbIe 
BOJIOKHAa. OTciOJla BOSHHKJIO TpelmosomweHHe, YTO yrHeTarollee BJIMAHHE alpe- 
HaJIMHa MPOABJIAeTCA TObKO TO OTHOWICHHIO K TOHHYeCKHM BOJIOKHam. [Ipen- 
CTaBJIANOCb HEOOXOJMMBIM H3YYHTb JeHCTBHe allpeHallMHa pH TOHMYeCKO pe- 
aKIMU, BbISbIBAeMOM «U3HOJIOTHYCCKHM» AILeTHJIXOJHHOM, T. €. IPM HempsAMOM 
pa3ipaxkeHHH MbILUMbI. OKa3aslocb, YTO HKPOHOMKHAA MBIA MTHUbI WpekcTaB- 
JineT COOOM upeSBLI4aHHO YNOOHbIM OOLEKT JIA HSyYeHHA YHCTO TOHHYeECKOL 
peakiMu. OTa MbIllila CNocoOHa NOAepKUBATb UPeSBLIVaHHO JIUTeIbHOe BPeMA 
(30—40 mu.) 6e3 MpH3HaKOB YTOMJICEHHA BLICOTY COKPalleHHA MPH HelpepbIB- 
HOM TeTAHM3ALHH CealMMHOTO HepBa Cc YacToTOH oT 50 Zo 500 rn. QuekTpomuo- 
rpaMMbl MOKa3alH, 4TO pH 3TOM yxKe Ha MepBbIX CeKYHAax pasqpaxkeHua T10- 
TeHIMAIbI NeEHCTBUA MpOrpeccCHBHO CHW KAIOTCA JO MOJHOTO UX UCUeSHOBEHHA Hi 
‘BOSHUKaeT «SJIEKTPHYECKH HCMaA» KOHTpaKTypa, T. e. (PasoBble BOJIOKHA Bilaa- 
TOT B TIECCHMYM, BCJIECTBHe STOTO HCUe3AIOT OCIMIJIAWMM TOKAa JeHCTBUA H BbICO- 
Ta COKPalleHHA MOMMepxAUBaAeTCH UCKJIOUMTeIbHO TOHHYCCKHMU BOJIOKHaMH, 
BO3OyKWeHHe KOTOPHIX XapaKTePpH3yeTCA HeOCIMJIMpyloulel HeraTHBHOCTbW. 
AjipeHaJIuH, BBeeHHbI BHYTPHBCHHO Ha BbICOTe TaKOH KOHTPaKTYPbI, BBI- 
ShIBaeT 3HAYMTeIbHOe e€€ CHHIKeHHe, MpOmoOMKaronujeeca pu ose 0,2 mr/Kr 
5—7 muH. Takum xe JeHCTBHeM OOJlaqaeT HOpaspeHaJIMH, HO COBeEPIIIeHHO He- 
opeKTHBHLI H3SONpONNalpeHasuH U Te pouoH. IIpu 9Tom ajpeHamHH He CHH- 
%KaJl BICOTY COKpameHuA WKPOHOKHOHK MBIMUbI Ha LpyroH KoHeyHOCTH, paspa- 
2Kaemol TepHoquyecku KPpaTKOBpeMeHHbIMH TeTaHycaMu; Oovlee Toro, B OOVJIb- 
IWMHCTBE ONbITOB HaGOLalOCh C1a60 BbIParxKeHHOE MOBbIIMeHHE OTBETOB (Puc. 3). 
TloppmieHue TOHyCa Mocwe BBeJeHHA alpeHasHHa Mp Tako dopme onbiTa Hu- 
‘Kora He HaGsOalocb, XOTA OOBMHO CHJa pasqpaxarolero TOKa He Oblwla MaK- 
CHMaJibHOH. J] KOHTPOJIA BO3MOXKHOFO COCYANCTOrO JeHCTBUA allpeHaHHa MbI 
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HaKJalbIBasIH 3a9KUM Ha GepeHHy!o apTepHio neTyxa Ha 2—3 MHH., OMHaKO 3TK 
He IIPHBOMHJIO K CHH2KEHHIO BEICOTbI KOHTPaKTYPbI IPH JIMTeMbHOK TeTAHU3aLHI 
cejlaIMMLHOrO HepBa. 

Cnoco6HocTb XOJIMHOMHMeETHKOB H JIenTOKypape BbISbIBATb KOHTpaKkTypy 
NITHYbUX MILL COriacyeTcA C MHTepaTypHIMH JaHHbIMu (17,°), BnepBple 93T2 
OCOOCHHOCTDH MBI NTH, Oblia oTMeyeHa ese B 1905 r. JIeHreem (7), KOTOPbI 
BbISbIBaJ] KOHTPaKTYpy HHKOTHHOM. 

Sto CBOLCTBO MBI MITHIL MOET ObITh JIeErKO MOHATO Cc NO3HWHH yyeHua o6 
OCOOCHHOCTAX XOJIMHOpellenTHBHOH CyOcTaHUMH TOHMYeCKHX MBI, pasBH4 
BaBlueroca Tunemmuckum c cotp. (1937—1949 rr.). Bombuias mpoTaAxeHHOCTE 
XOJIMHOpellenTHBHOH CyOcTaHIMM B HEKOTOPbIX MbIMMAaxX amMbuOuH, NTHU, B 3M} 
OpHOHAJIbHBIX HM Me€HeEPBHPOBAHHbIX MbILIWaX MJICKOMHTAIOWIMX B CO¥“eTaHHH 
C MeHbINel CHeMM@HUHOCTHIO, YCTaHOBJIeHHBIe panee [uHemHHCKuM (°), B HacTo-4 
AIMe€e BPeCMA MOMTBEPXTeHbI C MOMOILbIO COBPeCMeCHHBIX MUKPOICKTPOAHBIX 
MeTOJLOB (8,18 24 25 15). | 

Haim yaunpie 0 cCnocoOHOCTH aflpeHaIMHa yrHeTaTb TOHMYeCKYIO peakIHio} 
MBIIUIL HTH, a B OMpeeJICHHbIX YCJIOBHAX OKA3bIBAaTb ABydasHoe WevicTBue 
(nepBol ca3oli Takxe ABJIMeTCH YIHeTeHHe) MOXKHO COMOCTABHTb C JaHHBIMH| 
O CMOCOGHOCTH aj[peHasIHHa MOBbIMAaTh MOTeEHUMAa NOKOA mpm (1°), H3MeHATS 
B MbIile OOMCH HOHOB Kaus (7°). OLHaKo STH MpelcTaBeHHA Camu To ce6e Hy- 
%KAalOTCH Ee B TH[ATeJIbHOH SKCHEPUMEHTAJbHO! MpOBepkKe, TAK Kak CYIIeCTBY-| 
IOT IIpOTHBOpeyallHe TaHHbIe O TOM, YTO ajlpeHaJIMH He H3MCHAeT NOTeHMAlI | 
nokos (74), a ckopee ZelicTByeT Ha MpeCMHaNTHyeCcKoe 3BEHO HEPBHO-MBILLUeUHOH | 
nepegauu (1°). 

Viutepecuo, uTo ABoAKoe JlelicTBue allpeHasIMHa HaOsofaeTcaA TakxKe MH Ha| 
M@JJICHHBIX MBIULax PakOOOpasHbIX, IPHYeM B MaJIbIX O3aX OH OKA3bIBaeT TOHO- 
TpOMHOe, a B OOIbIIHX — TOPMO3HOe JelicTBHe; ObICTPbIe Ke MbILUUI alpeHauH, | 
Kak papuso, crumysupyet (77,78), 

B HacTosmee BpeMA TPpYAHO TOWHO NOKAaJIM30BaTb eHcTBHe apeHaJuHa, | 
OHaKO CYLeCTBYIOMHe (baKThI alOT OCHOBAaHHe MOaraTb, YTO ABOAKOe JeHCTBHE | 
apeHaJIMHa Ha MbIIJeYHYIO KJIETKY, CKOpee, CBA3AHO C eFO CHOCOOHOCTHIO H3Me- | 
HATb MpOHHIaeMOCTbh KJICTOUHbIX MeMOpaH, 4eM eFO BJIHAHHEM Ha pa3JIH4HbIe 
aCIIeKThI JHepreTuyecKoro OOmeHa KueTKuH (14,14), | 


VMacTHTYT 9BOJJOUKOHHOK tbu3sHosorHH uM. YW. M. Ceuenosa Tloctynusio 
AxkajlemuH Hayk CCCP 6 Ill 1961 
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Wornzagn Akagemun Hayk CCCP 
1961. Tom 139, Ne.2 


IMBPHOJIOTHA 


10. B. BAEBCKMK 


HEKOTOPbIE OCOBEHHOCTH IMBPHOHAJIbHOM JMANAY3bI 
Y HOPKW (MUSTELA VISON SHREB.) 


| (IT pedcmaeaexno axademuxom H. H. LI maaveaysexom 11 III 1961) 


+ T[locneqopatenbubie HaOmOJeHUA Hal 3apobIaMH MJ€KOMUTAaIONIHX BO Bpe- 
MA SMOpHOHaJIbHOK WManay3bl BecbMa HeMHOroyucseHH! (1~°). B uccseqoBaHH- 
‘AX MpeoOalaioT SKCNepHMeHTaJbHBIe padoTH (°~19,*4-*3) Han sanepxKaHHOH 
‘MMUJaHTaluvel, KOTOPAs JIMINb CONpOBOKMLaeTcA JManay30 3apompuua. B sTHx 
“SKCI€PHMeHTaX ABTOPbI UCXOANJH U3 MpeANOMORKeHHA O 3aBHCHMOCTH HM- 
WaHTalMu MCKJINOYHTEIbHO OT OpraHu3ma MaTepn. CymlecTByeT LHaMeTpaJbHe 
MIpOTHBONOMOKHAaA TOUKAa 3speHusa (24), KOTO- 
‘po BpA JM MOXHO OTJaTb NpeqnouTeuue. 
_  OjHako KaxkKeTCA BepOATHBIM, 4TO Hama- 
‘y3a B pa3BHTHH 3apofblllia — pesyJIbTaT He 
TOJIbKO COCTOAHHA MaTepHHCKOro OpraHu3ma. 
Kak UH3BeCTHO, 3ajepxKKa TMpoweccoB mpH- 
‘KpelluieHHA Y BHAOB, He OOaqaroulux 2MOpHo- 
HaJIbHOH JMalay30H, MpHBOLHT K rHOen U 
pesop6uuH sapozbimet. Bo3MoxKHO, 4TO OTHO- 
IUCHHA 3apOMbIlla H CIM3HCTOH MaTKH HOCAT 
xapakTep dopmaTuBHoro ammapaTa (*) B 
Tako Ke CTeNeHH HW B C/lyyaax 3ayepxKaH- 
HOH MMMJIiaHTauwHH. Bo BCAKOM CJly4ae, Kak 
Obl HH OblJIa MaJla CTeMe€Hb AKTHBHOCTH 3a- 
pofbiua H MposBeHuA ero ocobeHHocTel, 
CBA3AHHBIX C SMOPHOHAIbHOH uanay3on, 
OHH IipefcTaBJIAloT OHOJIOTHYeCKHH HHTepec, 
'TaK Kak HcCJIeqOBaHHe MX MNO3BOJIAeT MO- 
MOUTH K BbIACHeHHIO ee IIpHposp. 

PaHHaa 2MOpHouorua Hopku (Mustela uc. 1. Baacrouucra 11 cytox. Ox.10, 
vison Shreb.) u3yseHa BecbMa HegocTaTouHo. 6: 20 X 2. «. — rHrantcKad -KileTKa, 
MspecTHH JIM oTMembHEe caxTer (29,26), % “ 4 PRYIPSHROS ee ee 

Macca, m — TpooOjacT § 
Taroljwe mpeycTaBeHHe O MaKpOMOpovio- 
THH OsaCTOWMCTH 9STOTO Bua. 

Ha6soseHua B HacTOAIeM HCCNeloBaHHH MpoBeyeHbl Ha TpemsA mocJe- 
JOBATEJIbHbIMM CTAIMAMH TlepHoOa SMOpHOHAJIbHOH uanay3bi. HanOouee pax- 
HUMH Obl GlacTOWUNCTHI B Bospacte 11 cyToK (puc. 1), cuHTaad co BpeMeHH Ccma- 
puBaHun. Onn uMeroT (32eCb HECKOJIbKO H3MCHEHHYIO (uKCallHeH) cpepHyeckyio 
qopMy H MOKPHITbI cHapyxu zona pellucida (z. p.), TommMHOl B 7—8 uw. 
Bowtbulyio YaCTh HX OObeMA 3AHHMAET BHYTPCHHAA KeTOUHAA Macca, COCTOS- 
man us 280 xserok (puc. 1, 6.4.m), MeHbIIyIO — HOJOCTb OacTOUMCTHI. 
BuHyTpeHHAA KsleTOUHAA Macca CJIYKHT HCTOUHHKOM MaTepHasa JIA opMu- 
pytomgeroca no3qHee 3aposbllleBoro y3eIKa H, BepOxATHO, TpodoOlacTa, KOTO- 
pbli Ha 9TOH cTagquN cocTaBaeT 1/;—/, Bcelt Noman cepbi OacTOUHCTHI. 

Ha cpese 3apogbila (pHc. 2) BABI BAKYOJIM30BaHHbIe KJI€ETKH C XOPOUIO BBI- 
paxkeHHBIMH rpaHuiamu. Ilo d@opme OHH elle MaJIO OTIM4AIOTCA OT OACTOMeEpOB. 
KueTouHble Apa B CpeqHeM JocTuraioT pa3mepa B 6,7 p (50 u3smepennii), B Apax 
paciOJlaraioTca CpaBHHTeJIbHO HeEOOJIbUIMe AAPHILIKH. OOpamjaeT Ha ceOA BHMMA- 
Hue THraHTcKan KsleTKa (22,2 x 28,2 pw, puc. 2, e. K) C OTHOCHTeCJIbHO MaJICHb- 
kum spon (6,7 ), KoTOpad BKJIHHHaCb Mey BHYTPeHHeH KJIeTOUHOH Maccok 
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a z. pellucida. Mowxuo mpefnonarath, 4TO pasMepbI STOH KJIeTKM ABJIAIOTCA pe- 
3yJIbTaTOM TpodHyeckolt WHCTOMM — CJlyyah, MpeACTaBNAIOMMH Ha STOW CTAIHH | 
onpeleseHHEIi HHTepec. Cepua cpe30B OaCTOLMCThI He OOHApPyKUBAeT HM OLHOU 
(burypbI MHTO3A, H 9TO HaXOJMTCA B CormacuH Cc Oovlee PAaHHHMM HaOMOLeHHAMU 
(26), xoTA NoHOe OT- 
CyTCTBHe€ MHTO3SOB BO 
BPeMA [\Malay3bl HeJIb- 
3A elle CUHTATb OKa- 
3aHHbIM. 
SHAUHTeIbHBIe 13- 
MeHeHHA B CTPOeHHH 
OJaCTOWHCTBI + MOXHO 
HaOJOLaTb KO BPeMeHH 
HACTYNJICHHA CJIELLYIO- | 
we cTaquu, noyyeu- 
Hol Ha 14 4 15 cyTKu. 
Ilo pa3mepam Os1acTo- 
WUMCTHI CTA Teneph | 
3HAUHTeEJIbHO OoVIbLue 
(oT 237 no 364; 14 u3- | 
MepeHuii (prc. 3)). Tou- 
IjwHa MOKpbIBarIoMleH 
ux Zz. pellucida  uHe- 
Puc. 2. Cpe3 uepes Gnacrouncty 11 cyrox. Ox. 10, 06.90. CKOJIbKO YMeHbIMHJIaCb 
z. p. — zona pellucida; ocTaibHble oOo3HaueHHaA Te Ke, YTO (5 ww). KaeTKH ccbop- | 
Ha puc. | MHPOBaBIeroca yxKe 
3apOMbINeBOrO y3eJlKa | 
(82 w) (puc. 3, 3. y) 3aHMMaIoT Kpaline He3HaYHTeIDHyIO YaCTb MOMalN 
BHYTPeHHEH MOBepXHOCTH OJIaCTOLMCThI HW CTOJIb Ke HHYTORKHYIO LOO OOpema 
ee YBCIHYMBIICHCA MOJIOCTH. | 
ConocTaBsieHve 4HCJIa KJIeTOK BO BHYTPe€HHeH KJeTOUHOH macce Hu OOpa3o- 
BaHHOM H3 Hee 3apOfbIINeBOM y3eJIKe, KaKHM OH HaOsiofaeTca Ha 14 cyTKH, | 
BbISKIBAeT BOIpPOC O CyfbOe TeX KJIETOK, KOTOPbI€ COCTABJIAIOT pa3HOCTb B 4HCue 
HX J\JId CpaBHHBaeMbIX CTPyKTyp. ToT *akT, 4YTO YHCIIO KeTOK B TpodoGbsmacTe 
MPH BepOATHOM OTCYTCTBHH MHTO3OB BOspacTaeT Jo 200, MoxeT HaBecTH Ha MIpel- | 
MOJO*KeHHE O TOM, YTO H3BECTHAA YaCTb KJIETOK BHYTPeHHeH KJIeTOUHOM MaCchI | 
urpaeT pOJlb HCTOUHHKA MaTepHasa wa Tpodobuacta. | 
Oyuako Wake ecJlH HaOwJOJeHHe Ha OTCYTCTBHEM MHTO30B BePHO TOJIbKO 
B 3HaYCHHH HeNOJIHOrO UX NOaBJeHuA, TO (akT ONMCAaHHOM Ha 3TOM toue dop- 
MOOOPas0BaTeJIbHOH AKTHBHOCTH (OOpas0BaHHe 3apObIIeBOrO y3eIKa HU OOVJIb- 
mel uacTH TpotoGsacTa) eCTeCTBCHHO BbI3bIBae€T BOMPOC: MOXKHO JIM OOBACHUTh 
HaOmMoaemylo KapTHHY H3ONpPaTeJIbHbIM XapakTepoM dppekTa TOPMOXKeHHA B OT- 
HOWICHHH MHTOTMYeCKOH HW (opMooOpasoBaTeJIbHOH aKTHBHOCTH. IIpuHBozumpie 
HaOJIOeHHA B U3BECTHOM Mepe MNOATBeEPxAKALaloT Takoe MpesmosoweHue. B corsa- 
CHM C HHMM Haxo{uTcsA MW Jpyroe HaOwJogqeHHe. Unco KMeTOK B 3apoOJ{bILIeBOM 
yseuke (puc. 3) Ha ctaqun 15 cyToK cocTaBsset 20—40. CooTBeTCTBeHHO UX 4HC- 
JY MOXKHO pa3IHYaTb Ba THMa 3aposbIeBLIX y3e7KOB — MulocKHH (B 1—2 
COA KJI€TOK) H BbICOKHH (B 2—3 cOK). ST pasM4YHA BUNCE KIeTOK, CocTaB- 
NAIOULAX 3apObIMIeBble Y3eIKU, MOXKHO PpaCCMaTPUBaTb Kak IpH3Hak (opMoo6- 
Pa3soBaTeJIbHOH AKTHBHOCTH, XOTHA B MOJIYYeHHBIX CepHAaXx cpe3s0B 8 OmacTO- 
WMCT STOH CTaAMM HHKAKMX MpH3HaKOB MHTOTHYeCKHX (buryp He OOHApyxuUBa- 
Jlocb. Ha cpese uepes 3apombileBbii yseoK (puc. 4, 3. y) OaCTOMNCTEI MOXKHO 
BUeTb KJI€ETKU, BAKYOJIM30BAaHHBIe B TOM Ke CTEHEHH, YTO H Ha IpeLbiLyuel cTa- 
aun. Cpequnii pasmep sep (7,86 1) 3ameTHo yBeJIMUHJICA B CpaBHeHuU C pasMe- 
pom sep 3apoxpuia npespymek craquu (6,7 w), mpwyem pa3uiMune B CTeneHH 
BapWalul pasmepos afep Aa 11 wu 14—15 cyTox crarucTuyecku JocToBepHo — 
KapTHHa, CxXOJ\Had C TeM, YTO HaOMOAaIOCh H y coGomA (*). SameTHO yBerMuH- 
IMCb (BO MHOFUX ClyYaAX BIBOe) PasmephI AMpHIUeK (2Q—3 p). 
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Ha Tou xe craguu (14 cyToK) Obl MOJYYeHbI 3apObIIH OT Apyroro %KHBOT- 
Horo. HukaKkUXx CYILeCTBEHHbIX Pa3JIHUNH HH B 3apOJHILWeBOM Y3eJIKe, HH B TPO- 
oONacTe OoJIbUIMHCTBA STHX OACTOUNCT, B CpaBHeHHH C 3aposbillaMu Mmpelbl- 
Ayujeh CepHu, OTMeTHTb He yasocb. OqHaKo cpeyu OlacToMcT paccmaTpuBae- 


fo ye i 


Puc. 3. Baactouncta 14 cytox. OK. 10, 06. 20 3. y — sapozpime- 
BbI< y3@JIOK, K. Mm — KJIETOUHbIE TAXKH, 9. m — SKTOJEPMAJbHAA 
Me3eHXHMa - 


MOrO BOspacTa OblJlIa 3aMeyeHa OHA C 3aMeTHO OOJIbIUHM NO pasMepaM 3apojbI- 
WIe€BLIM y3eIKoM. B To xe Bpema AvamerTp ee (266,6 1) OblvI MeHbIe WHaMerTpa 3a- 
pObINeH, MOJYYeHHIX OT TOFO 2%Ke XKUBOTHOLO (308,0 W). Sto HaOsoLeHHe TOBO- 
PHT O TOM, 4TO y HOPKU, TaK Ke Kak Yy 3apoOsbllla KppIchI (*) BpeMeHH «1aKTAaWHOH- 
HOH WMalay3bl>, OTCYTCTBYeT MPAMAA 3aBHCHMOCTb MexKLy cTeneHbio Luddepex- 


Puc. 4. Cpe3 uepes 3apoybimieBbii y3eoK 6lacTouctsl 15 cyToK. 
Ox. 10, 06. 90 X 


IHPOBKHM 3apOJbIIeBOTO y3e/I1Ka H pa3sMepamMu OvlacToWMcTh. Tak Kak OulacTOLH- 
cTa C YBeJIMYCHHBIM 3apOJBHILUeBbIM Y3CJIKOM NOJIyYeHa OT KUBOTHOLO, ClapHBaB- 
Imeroca ABaxnb (6 uw 13 III), To MoxKHO, yauTEIBaA AoKasaHHyio cynepierarmnio 
y Hopku (7°), c JocTaTOUHLIM OCHOBAHHeM CUNTAaTb STY GaCTOMMCTy Ha Hee 
‘cTapiiie OCTaJIbHBIX 3apObIel M3 MATKH 9TOTO Ke KUBOTHOFO. KweTKU, COCTAaB- 
JIAIOULMe €€ 3APONbIWEBLIN Y3eIOK, pacMoararwoTCA MHOTOpAAHO (He MeHee YeM 
B 4—5 cloeB), TaK 4TO Y3EJ1IOK BbIFIAUT OY€Hb BLICOKUM. Mx unco0 He NoLmaer- 
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ca TOUHOMY MoycueTy. OMHAKO He BHISbIBAeT COMHEHHA, YTO OHO 3aMeTHO OoJIbILIE 
yucsla KJIeTOK B 3apObIIleBOM y3elKe TIpeqbiqyueh craquu. Ha tTpodoOmacte 
H 3apOJbIINeBOM y3e/IKe STO OaCTONMCTHI BUAHbI MeKMe OTpOCuaTbIe KETKY 
SKTONePMAJIbHOH Me3e€HXHMBI (puc. 3, 9.m). OHH 3HAYHTEIbHO MeJIbYe KJeTOK, 
COCTABJIAIONIHX 3APOJIbILeBLIN Y3eJIOK. 

Ora TpeTbs (B HaCTOAULeM COOOMIEHHH) CTaquA pasBUuTUA OacTosepMuyecKorO 
Ny3bIPbKa OTKPbIBaeT MOPaSHTebHYIO OCOOCHHOCTh B ero cTpoeHHH. ToHKue 
WUTOMMASMaTHYeCKHe TAXKU CBOOOLHO MpOXOLAT yepes MOJIOcTb STOH OacTo- 
WHCTbI H COCMHAIOT, HE Pa3BeETBIAACh, KIe€TKH TpodoOsacTa Cc 3apOfbIleBbIM 
y3eIKOM, Kak Obl NOABewIMBad ero B ccbepHyeckoH NovocTu Onacrouncth. IIpu 
yBemuueHuax B 200 u 400 pas oTYeTIMBO YCTaHaBJIMBaeTCA UX KJeTOUHAA NPUpo- 
ya. Uncno TsxKeli HeBeMKO M JIMHa Bapbupyet. HexoToppbie u3 HHX MpescTaB-" 
JICHbI OHO KJICTKOH, JWJIMHHbIe — JBYMA HU, BO3MO%KHO, OOJIbIIMM UYHCJIOM; 
B KOPOTKUX— Apa pacnosaraioTcA B paclIMpeHHOM TpodoOmacTuyecKOM KOH- 
We, JaBad BO3MOXKHOCTb MpeACTABHTb HCTOUHHK HX MPOHCXORAeCHHA; B UBYXKJe- 
TOUHBIX — Apa CONMKEHbI H pacmoJlaraloTcA B MeCTe OyJIaBOBHAHO paciln- 
peHHoro cuHanca. HackouIbKO H3BeCTHO, B JIMTepaType HeT ONMCaHUA TOOOHOTO 
pola deHomeHa. O 3HaveHHH eFO MOMKHO JleJaTb JIMMb HEKOTOPHIe Mpemmosmow*e- 
HUA, H B STOW CBA3H 3aCTYKUBACT BHUMAHHA TOT PaKkT, 4YTO OOpasoBaHHe TAKEK 
mlaaeT Ha BpeMs, OJIM3KOe KO BPeMeHH (OPMHUPOBaHHA SHTOMepMBI. 

HaOsogeHua Hay OlacTOWMCTaMH HOPKH Ha pasJIMYHbIX CpOKaX JOMMIIIaH- 
TalHOHHOH OepeMeHHOCTH NOKAa3bIBaIOT 3HAYNTeJIbHbIeC H3MCHEHHA, KOTOPbIe OHH 
TIpeTepMeBaioT 3a STOT NepHO. ITO HE MOSBOJIAeCT COPIACHTbCA C YTBEPK EHH - | 
em'(?°), corsiacHO KOTOpOMY O/laCTOILMCTbI HAXOJATCA B COCTOAHMH M0KoOR («rest»), 
HauHHas c 11 cyToK, korga YHCO COCTaBAIOMMX UX KseTOK JocTuraeT 300. Ilo- 
BHIMMOMY, Jin SMOpHOHAaJIbHOH AManay3bl MOMKeT ObITb OTMeYeHO HapacTaHHe 
asppeKkTa TOPMOXKeHHA KO BPeMeHU €€ KCPEMHHEM, 3aTeEM HCUeSHOBeHHe ZTOTO 
adekTa K MOMeHTy ee 3aBeplieHHa. Tem He meHee CJlIelyeT CKa3aTb, YTO H KO 
BPeMCHH “CPeAHHbIy WHAaNay3bl MpOLOMMKaeTCA H3MCHEHHE BeJIMYHHbI Aep HW AJI- 
pple, KaK 9TO BUAHO pH cpaBHeHuN 3apo_nuuen 11 u 14—15.cyTox. 3To Bbi- 
3bIBaeT TIpecTaBsIeHHe O Mpolecce 3aMeAJICHHOH MOATOTOBKH MHTO3a. XapakTep 
H3MeHeHHA OlaCTOWMCT BO BPCMA SMOPHOHAbHON AMaMay3bl NO3BOJIAeT Mpemno- 
NlaraTb Pa3JIM4MA B CTeMeHH TelMpeccHH, HCMbITHIBAeMOH MHTOTHYeCCKOH AKTHBHO- 
CTbIO KJI€ETOK HW (POpMooOpasoBaTeJbHbIMH Mpoweccamu B 3apogpuue. IIpu stom, 
KaK MlOKa3bIBaeT MaTepHasl, POPMOOOPasOBAaTeJIbHbIe MPOUeccbl, MO-BHAMMOMY, 
OKa3bIBaIOTCA MeHee NOLBEP2xKeCHHbIMH SddeKTy TopMoxkeHHA. Takum oOpasom, 
HCCJI€HOBAHMe 3apoOfbIllieH HOPKM BO BpeMA Whallay3bl MOATBepxAaeT Haduoe- 
HHA, MpOBeweHHbIe Ha coOoue (?’). BMecte c Tem OHO OOHAPyKHBAeT HOBBIC OCO- 
O€HHOCTH TaK Ha3bIBaeMOFO JaTeEHTHOFO TepHoa GepeMeHHOCTH. 

MuctutyT MopdoworuH 2HBOTHEIX HM. A. H. Cepepnopa Tlocrynusio 
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Wornmagn Akawqemun hayrx CCCP 
1961. Tom 139, Ne 2 


IMBPHOJOTH A 


r. M. HTHATBEBA 


WVHAYUMPYFOWHE CBOMCTBA XOPJOME30J,EPMAJIbBHOTO 3AUATKA 
AO HAYAJIA HHBATHHAUHMH HW PEPYJIAWHA EPO TE®EKTOB 
Y 3APOJbIMIEM OCETPA 


(ITpedcmaeaeno axademuxom H. H. Il manseaysenom 14 II 1961) 


B mpeabiqyuei padote (') Obl BbITBJIeHbI PErMOHAJIbHbIe pasIMUHA B UHLY- 
MupyrowjemM JeHCTBHH XOpOMesOZepMabHOTO 3a4aTKa Y 3apoOsbillieH oceTpa, 
‘CXOQHbIC B OOWIMX YepTaX C TAKOBbIMH y amcduOuk (*?) w kocTuCTHIX pHIO (?). IIpu 
STOM HHJLYIMpyoulMe CBOHCTBa MpeSyMNTHBHOH XOpjOMe3OJepMbI U3y4asHCb 
‘C MOMOMbIO TepecagqoK HeOOIbUIOrO y4acTKa CIIMHHOH ryObi OacTonopa, B3ATOrO 
y kpad HHBArMHalu Ha MATH NOCMeMOBATeVIbHbIX CTANMAX TacTpyJIAWHU, K 3apo- 
[ipllliaM Ha CTayuu paHHel ractpyst (ctanusa 14 *). CnemoBaTebHo, BO3pacT HH- 
JlykTopa B 5 CepHAX OMBITOB (COOTBETCTBYIONIUX CTAHAM Pa3BUTHA DOHOPOB) 
Obl pasMuHEM. ITpencTaBJiasio HHTepec BbIACHHTb, OYAyT WH HaGMOLaTEcA Ta- 
Ke 2Ke PCTHOHAJIbHbIe PasIMYNA MPH NePeCatKe OLHOBOSPaCTHOTO HeMHBaruHu- 
POBABILerO MaTepHala POOBHOH SHTOMeEPMbI M PaSHbIX OTLEOB XOPKOMe3OMepMEI. 

C 9Tok wembio B 1960 r. Ha PoroxxkKHHCKOM OCeTpOBOM PbIOOBOAHOM 3aBore 
ObIJIM MOCTABJICHbI COOTBETCTBYIONLHE OMbITbI HA HKPe a30BO-4ePpHOMOPCKO"O OCceT- 
pa (Acipenser giildenstadti colchicus v. Marti). oHopamu c1yxusH 3aposbmun 
Ha 13-H cTaquu pa3sBUTuA (CTaquA Hauasa racTpyMAWHH, KOrLa MOABIAeTCA Nur- 
MeCHTHaA MOIOCcKa, HaMeualoulad OyAyWLMH Kpali MHBaruHalHu). Tpancnmanta- 
Tb MepecaxKuBaJIH Ha OPIOWIHy!0 CTOPOHY 3aposbilam-peunnuentam 13-H u 14-1 
cTaqui pasBuTHa. B I cepuu onbiTos TpaHciaHTHpOBaJIH WeHTpaJIbHbIM yYacTOK 
CIMHHOK ryOpl OlacTonopa, NpHiexKalluH K MMTMeHTHOH Movocke. OH coxepxaJ 
MaTepHadl TOJIOBHOH SHTOEPMbI HM MpexopsasbHOH MWwaCTHHKM HM Obl paBeH 
B BbICOTY */. paCCTOAHHA OT MMFMeHTHOM MOJIOCKH JO rpaHullbl xopsqomesoyep- 
MAaJIbHOFO 3a4aTKa C SKTOJEPMOH Mpe3yMNTHBHOH HeEpBHOH mMtacTHHKH. Bo II ce- 
PHM MepecaxuBaJH BTOPOH y4acTOK CNMHHOH ryObr GsacTonopa, MmpHwierarwouui 
K M€pBOMY HM PaBHbIt emy Mo pasmepam. Ou BKuIIOUaJ B CeOA MaTepHaJ XOPAbI U 


~comuTosB. B jonomHenue k I cepun ObiIM MOCTABMEHbI OMbITHI WepecaKW TpaHc- 


_WJiIaHTaTOB BYBOe€ MEHbImNero PpasmMepa, CONepxKaMNxX WJIH TOJOBHY!IO JHTOJEPMy 


(cepua I a), uM MaTepHas NpexopfabHON MaacTHHKH (cepua I 6). 

I cepua ombiTos ABJIneTCA MOBTOpeHuem | cepnu onpiToB 1959 r. (1), MoKa3aB- 
meH, 4YTO IIpH Mepecayke MaTepHasia TOMOBHOM SHTOEPMbI UH MpexopabHon 
TJIaCTHHKH, B3ATOFO OT 3aposbluel Ha. 13-% cTaquu, TpaHCciaHTaTbl MALYWMpYIoT 
B 9KTOJepMe paHHel racTpysibl OOpasoBanve HeEPBHbIX TpyOOK THMa ciHHHOTO 


_ mosra. OqHako 4uCIO ONepalu Obiio HeBestHKO (10 onepalun, 6 culyuaeB HHYK- 


IH), M He HCKJIOUANaACb BOS3MOMKHOCTh HHAYKIUMH TWepeHux OTTEIOB TOJIOBHOTO 


- MO3ra IPH paclIMpeHuu O6beMa OMbITOB. ITO HU OOycOBUIO MocTaHoBKy I| cepHu 


ONbITOB B HacTOAMeH padoTe. 

OnepupoBaHHble 3apOsbILIH, peWHNHeHTbI H MOHOPbI XH 2—3 cyTOK, Jo- 
cTurad 3a STOT cpok 27—32-H cTaqMH pa3BHTHA. SapoOsbIIH-pelHMueHTHI C 
BHeIUHHMH MpH3HakaMu JudpdepewuMpoBKH B OOMaCTH TpaHcnwaHTata Obl u3y- 
WeHbI PHCTOJIOrHYeCKH (TEXHHKY ONepalul, yCOBUA KYJIbTHBUPOBaHHA 3aposbl- 


/ulelt H OOpaOoTKM MaTepHasa cM. (1)). PesyabrTaTbI OMbITOB IIpesCTaBJIeHbI B 


ETA taaby 


Kak BH]JHO U3 TaOJIMUbI, OJVIbITb] He BbIABHJIN pasindHi B pervoHaJIbHOM 


; XapakTepe HHAyUMpoBaHHEIx cTpyKTyp BI u Il cepyax. Hu B OHOM H3 


* Homepa ctaquit JaloTca no Ta6AMMaM HOPMasbHOTO pasBHTHA OceTpa (*). 
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, Ta6Oaunna ft 


PesyabrTaTI Nepecay{KH y¥acTKOB CNHHHOH TyOpl Oulacronopa Ha 
cTayuH Hatasa racTpyAAWHH 


Uucyo 3apogzbpmer 


¢C HHAYKiU. HepBHbIx 


Cepus Bcero Tpy6oK 
c HHYKU. c MHAYKU.| C HHAYKH. 
sola re ah nepemue- | gauatk. —— | w guddep.| u Zuddep. 
TOJOBH. | ya6up. y |6e3 3auaTK.| BTOP. BOs 
mosra nepesu. ma6up. XOpZbI mpouegp. 
KOHILa 

I ATi — = 10 4| ¥ 

la 16 = — 6 4 5 

16 6 _: 4 5) 1 4 

I] 43 ~- 2 10 3 14 


PapHaHTOB OMbITOB He CPOPMHPOBAJIHCh CTPYKTYPbI NePeAHETOJIOBHBIX OTIeJIOB 
mosra. B oG6eux cepHaX MHXYUMPOBaHHbIH MO3r MpeycTaBiAs CcoOoH KOpOoTKHe 
HepBHbIe TPyOKH, PacnoJOXKeHHbIe Ha OprowiHOw cTOpoue uM Ha OOKy peuMnH- | 
eHTa H COM KAarIOMHeCA C CTO OCEBLIMH OpraHaMH B XBOCTOBOM OTJeuIe. — 

B 60uIbuIMHCTBe Cy¥aeB HO y TAKHX HEPBHbIX TPyOoK Tove, YeM OOKOBbIe 
CTeHKH Hu Kpbuua (puc. | JJ, E), npocBeT oueHb MaJI, HHOTa ero Ha HEKOTOPOM 
TIPOTS2KCHHH HET COBCeM. Y OTJCJIbHbIX SapObIMeH HHAYUMPOBaHHble HeEpBHBIe 
TPyOKH MMeIOT CTEHKH PABHOH HJIH MOUTH PaBHOH BewHUHHEI. Ilo crpoeHHio HHLy- 
IMPpOBaHHble HEPBHbIe TPyOKH OTJHUAIOTCA OT CIMHHOTO MO3ra 3apobllla-pe- 
wunneuta (puc. | 5), uTo o6ycioBseHO (OPMATHBHBIM BJIMAHHEM OKPy2Karollux 
TKaHeH, 3HavYeHve KOTOPHIX B OMpeeeHHH CTPyYKTYPbI CMHMHHOTFO MO3ra YeTKO 
mOKa3aHo Ha amduOusx (cm. (7), cxema Ha cTp. 253). OObrmaHO TOA HHAYUHpOBaH- 
HbIMH HepBHbIMH TpyOKaMu HIM COOKY OT HHX HaXOJHTCA Me3soqepMa; HHOTLa 
epeqHHH KOHeIL HEpBHOH TpyOKH OKpyxKeH MeseHxumoHn. IlouTu y Bcex 3apoyEi- 
wel UMeIOTCA BTOPHUHbIe MpoHe*puyecKkue KaHaJIblbl, KOTOPbie HaYHHaIoTcs 
BHepedH WIM Ha ypOBHe MepeAHero KOHIa HHLYUMPOBaHHOH HepaJbHOH CTpyK- 
Typpl. Takaa JOKaJIM3alHA MpOHepocoB NOSBOJIAeT OTHECTH HHAYUMpOBaHHblli 
MOSIr K TYJIOBHI[HOMY OTe/1Y WEHTPaJIbHOH HeEPBHOH CHcTeMbI. Bmecte c Tem oOpa- 
30BaHHe BTOPHYHOH XOPAbI BO BCCX BAPMaHTAaX OMBbITOB HaOJIONaNOCb OUHb pel- 
KO, axe Bo IJ cepun onmbiToB, re nepecaxuBasu MaTepHan xopab. IIpu stom 
HH Y OAHOFO 3aposbillla C BTOPHYHOH XoOpoh ee NepeHHH KOHEI He WOcTHra me- 
peqHero KOHIa HHA YWMpOBaHHOH HepBHOH TpyOKH. 

B 3 caryuanx (cepuu I 6 u II) y nepequero kona HepBHOM TPYOKH BO3HHKIE 
CJLYXOBbIe 1y3bIpbku (puc. | B, >) Takoro xe HIM MeHbLUero pasmepa, 4em a6u- 
PHHTbI pewnnuenta (puc. | A). Ilo stTomy npu3Haky nepeqHHH oTAem HHAyuUUpO- 
BaHHOH HepBHOH TPyOKH, axe ec OH 10 PopMe He OTMMYAeTCA OT APyrux ee 
yuacTKOB HW psyom c HMM (puc. | F) unu co cayXOBbIMH My3bIpbKamu (puc. | B) 
HMEIOTCA 1poHedppocbl, cJie_yeT paccMaTPHBaTb KaK aTHMMUYHLIM mposos- 
rOBaTHIH MO3Ir, MOCKOJIbKY H3BeCTHO, 4YTO y OCETPOBbIX PbIO MpOAONTOBAaTHIM MO3r 
ABJACTCA CIHHCTBEHHBIM HHAYKTOpOM JaOupHHTos (°,°). 

OTcyTcTBHe pa3JIHUHH B CTPOCHHH MHYUHPOBaHHbIX CTPyKTyp B pasHBIx 
CePpHAX OMBbITOB CBUAETEJIbCTByeT OO OTCYTCTBHH PerMOHAJIbHbIX PpasIM4HH B HH- 
AYWMpYouleM JeHCTBHM Pa3HbIX OTeEJIOB XOpOMe3OJeEpMaJIbHOTO 3a4uaTKa Ha 
CTaHu Hayasla racTpyJAWHH Y 3aposbIllelH oceTpa. 

Pe3yJIbTaTbI OMbITOB MOATBEPKLaloT CHeAaHHbI paHee (1) BLIBOZ, TO y 3apo- 
ApileH OceTpa MaTepHad TOMOBHOH SHTOJepMbI HM MpexopasbHow nWacTHHKU 
NO Hauadia MHBarMHalluN ese He OOaqaeT CBOHCTBAMH MepeHErOJIOBHOTO HHLyK- 
Topa. Copnayenve pesybTaToB I cepuv ONbITOB B STON HM MpezbAymelt (1) pabo- 
TaX MOJIHO€ He TOJIbKO NO xapakTepy HHAYUMPOBaHHbIX CTPYKTYp, HO H M10 ya- 
cToTe HX BOSHUKHOBeHHsA (59 u 60% cooTBeTCTBeHHO). CyMMHPyA Bce OMBITHI 10 
mepecaike MaTepHasa TOJOBHOH SHTOJepMbI H MpexopaJbHOW WwacCTHHKU C 
13-H cTaquM pa3BuTHA 3apogbuel oceTpa (49 onepaunii), MOXKHO BHJeTb, 4TO 
HH B OXHOM u3 28 cuyyaeB HHYKUMM He OOpasoBasINCh NepeHeETOJIOBHbIe CTPYK- 


TYpbI. 
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Puc, 1. Pe3yiptTatet nepecafoK B pasHblxX CepHAX onbIToB: A — mpoponropaTeiii x 6 — cnnnnoli 
MOsr 3apofpima-penunuenta Ne 261; B, / — MHfyuHpoBaHHble clyxoBble Ny3bIpbKH: [ — y 
3apoypiia Ne 290? (cepua 16), B — y 3apogpmma Ne 290? (cepua II); 7, E — nepegune orjenu 
HHJYUMpOBaHHbIX HepBHEIX TpyOoK: JJ — y s3apogpinta Ne 2811 (cepua I), E — y sapogpnma 
Ne 290? (cepna II). vu. 2.— WHLyUMpOBaHHEIM ClyXOBOl My3bipek, WU. HX. m — HHAyWMpoBanHnad 
HepBHad TpyOka, 2 — CJyxoBoi Mysbipek,  — me3zojepma, m — Mponedpocnl, n. m — mpo- 
JONrOBaTHIM MO3Tr, € — COMHTHI, c. m— CNHHHOM Mo3r, x — xopjla 


CpaBHeHve BTOPHUHEIX OOpas0BaHHH B OMbITaX Cc Mepecaykol MaTepnana 
xopfbt Ha 13-% cragun (II cepua HacTonmeli paGoThl) u Ha MocJeLyrouyux cTaqu- 
AX TacTpysawuu (1) MpHBOLNT K 3aKJIIOUeHHIO, UTO CBOHCTBa STOTO mMaTepvana 
B lipowecce racTpy/IAWHH TakxKe H3MeHAIOTCA. Xopya Bo II cepuHu 9TOH padoTor 
BO3HHKJIa TObKO y 25% 3apoypiilielt C HHAYUMPOBaHHbIMH HelpasbHbIMH CTPyK- 
TypaMH, Tora Kak IIpu mepecayke MaTephawa xopypl c 15-H craquu o6pa30BaHHe 
XOPAb HaGmoganoch y 73%, ac 16-% craguu — y 100% TaKkux sapozpmueli. 

H310%KeHHbIe BILE OMBITHI BbIABJIAIOT HEKOTOpble OCOCeHHOCTH mporecca: 
CTAHOBJICHHA PeCTMOHAJIbHBIX Pa3JIM4YHH B MHAYUMPYyiouleM DevcTBUH XOpsOMe3o- 
€pMaJIbHOTO 3auaTKa y OCeTPOBBIX PbIO M0 CpaBHeHHIO c am*uOuAMU. Y amcpu- 
Oni (”) MaTepHas roNOBHOH JHTOLEPMbI HW MpexopAabHOH WwaCTHHKH JO Hayaa 
HHBarHHalHn yxe oOalaeT CNOCOOHOCThIO K HHAYKUMH MepeHETOJIOBHbIX CTPYK- 
TYp, XOTA JeHCTByeT NPpeHMYLIeCTBEHHO Kak 3a HeroJIOBHOH HW TYJIOBMULHbIH HH- 
AYKTop, OOn3aTeIbHO LuddepeHuupyAcb pH STOM B XOpAy M comuTHI. Jlumb 
nocie MHBarHHalun TpexopalbHaA MJlacTHHKa CTAHOBHTCA HCKJIIOUMTEJIbHO 
Tl€peAHeErOJIOBHLIM HHAYKTOPOM HU Tora AuddepenuupyetcA COOTBeETCTBeEHHO 
CBOe€MY MIpOCNeKTHBHOMY 3HayeHHIO. Y OCeTPOBLIX pbIO HEMHBArHHMPOBABIIAlt 
MaTepHaJI TOJIOBHOH SHTOJepMbI HW MpexopaJbHOH WacCTHHKH OOJIaqaeT CBOH- 
CTBAaMH TOJIbKO 3a[HeTOJIOBHOFO H TYJOBUILHOrO HHAYKTOpa, HO Mp 3TOM OYeHb 
pewko Auddepenuupyetca B xopzy. Moxkuo AymaTb, 4TO y 3aposbillleH oceTpo- 
BbIX PbIO HaKOMJIeHHe HeHpOreHHbIX H Me€3O0J,@PMHBIX BEILeCTB, OTBETCTBCHHbIX 
3a uddepeHuMpoBKy Tex HIM HHBbIX cTpyKTyp (°), 1H60 HayMHaeTcA m03Ke,. 
H60 ULeT MefIeHHee, 4em y aMPHOUH, HO ObicTpee, ¥eM Y KOCTHCTHIX pbIO, y KO- 
TOPbIX Tepe HayaJIOM TracTpyJIAWMH JOO6OH yuacToK OsacToyepMbI cnocobeH 
Pa3BHTbca B Wesoro 3apogzbua (*). Tlostomy Ha cTaquu Hayala racTpyiAalun 
y 3apojplllieH oceTpa JleHicTBHe HEHPOreHHbIX H Me30J,@PMHBIX BeINeCTB yxKe Ipo- 
ABJIACTCA, HO elle He OGecneuHBaeT JOCTATOUHO NOHO, perHOHaIbHO pa3zvJIny- 
HOH MuddepeHUHpOBKH TpaHcianTaTa HW HHAYWMpyeMbIX MM HelpaJIbHbIX. 
CTpyKTyp. 

C pe3yJIbTaTaMM OMbITOB XOpOlO cordacyloTcA HaOJIOJeHHA Hal 3apolbi- 
I1aMH-JOHOpaMH, Y KOTOPHIX Ha 13-H cTaquN Obl yaieH WeHTpaJIbHbIH yuacTOK 
CHHHHOK ryObi OacToropa, BKJIOUAIOIUH MaTepHa FOJIOBHOU IJHTOJepMbI HU XOp- 
TOMe30J{epMbI JO PpaHHLbI ero C SKTOLEPMOH MpeSyMNTHBHOHK HepBHOH MacTHH- 
ku. Y TaKMX 3apOsbIlllel MPOHS3OLIO 3axKHBJEHHE JepeKTa H OCYIIECTBUJICA (XOTH 
HM C He€KOTOPbIMH 3aTPYAHeEHHAMH UM HapyuwleHHAMH) Mpolecc racTpyAWHHU. 
B pe3yJIbTaTe peryAWHN WepeKTa PasBHJIHCb He TOJIbKO YPOJWIMBbIe 3apONbILUH 
(Spina bifida, 3apoqpumu c mpH3HakaMH JlaTepaJIbHOCTH CTpOeHHA, C MHKPo- H 
aHodTaibMvel MW Ap.), HO H MOUTH HJIH COBCeM HOPMAJIbHbIe 3apObIWH C CHM- 
M€TPHUHBIM H TOJIHbIM MO3FOM, KOTOPbIX paHee B aHaJIOrHUHBIX OMbITax (°,1°) 
NOJYYHTb He yaBasocb. Bo3MOKHOCTH TaKOH NOJIHOH peryJAHH Ha cTauu oO 
Havasia MHBarHHallWv CBA3aHaC OTCYTCTBHeM PerHOHAJIbHBIX PasJIMYHH B MHLY- 
IMpYylOUlMX CBOHCTBax XOpPJOMe30J/epMaJIbHOrO 3a4uaTKa Ha STON CTaqHH pa3- 
BUTHA WM C HX MOCTeMeHHBIM HapacTaHHeM B xofe racTpyawHH. BaaroqapsA ITOMy 
TKaHb, 3aMerlaromlad JedeKT B OOACTH XOPAOMe3SOJePMAJIBHOFO 3a4aTKa, MOXKET 
B JlaJIbHelilieM MpHoOpecTH CBOHCTBa, HeOOXOUMbIe WIA (OPMHPOBaHHA oce- 
BbIX OPraHOB Y 3apObIllleH OCeTPOBbIX PHIO. 

VMucTuTyT MOpdouJ0rHH KHBOTHBIX TlocrynHs1o 


um. A. H. Cesepuosa LOTS tOGt 
AkallemuH Hayk CCCP 
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IMBPHOJIOLHA 


E. B. YYJIMLLKAA 


KOPPEJIAWUA MEKAY JATEHTHOM JN®PEPEHILMPOBKOM 
MATEPHAJIA CJIYXOBOTO NY3bIPbKA HW KJIETOUHbIMM 
NOKOJIEHHAMH HA OJMHAKOBDIX CTAXHAX 
PA3BHTHS Y 3APOJbIINEM OCETPOBbIX PbIB 
(BEJIYPH, OCETPA H CEBPIOPH) 


(IT pedcmaeaeno ‘axademuxom H. H. UW maaveaysenom 14 II 1961) 


Ha HeKOTOpHIX TipescTaBuTeAx amuOuu Oblvio NoKasaHo, 4TO pa3sMYMAM 
B CTeMeHH LudpepeHIUMpPOBKH OTAeCJbHBIX 3auaTKOB (1~®) Ha OMMHAKOBBbIX CTAAUAX 
Pa3BHTHA COOTBETCTBYIOT PeaJIbHble PpasJIM4HA B BO3PAaCTe COCTABJIAIOUIUX UX 
KJIETOK, ONpeeIH€MOM MOKOJIeHHeM KsleTOK (’). B To xe BpeMA y 3aposbuler 
oceTpa H CeBpIOrH, Y KOTOPbIX OTCYTCTBYIOT Pa3JIHUHA B KJCTOUHbIX NOKOJICHHAX 
Ha OMMHAKOBBIX CTaquax pasBuTua (8), He OOHAapy2KHBaIOTCA HW pa3s/IM4YHA B YpOB- 
He JIaTeHTHON AudpepeHUMpOBKH MaTepHaa CsyXOBOrO Hy3bIpbKa (°). 

Jia JabHeMIero NOATBEPKTCHUA KOPPeIAWHH M@xKLY KJIETOUHBIMH TMOKO- 
J@HHAMH HU JlaTeHTHOK WuddepeHHpoBKOM BaxKHO ObIIO MpHBJeIb TIA cpaB- 
HeHHA BH, OTHOCALIHHCA K CeMeHCTBY OCETPOBbIX, Y KOTOPOro Obl 3TH COOTHO- 
UICHHA ObIIH Obl HHBIMH, 4¥eM Y OCeTPa HM CeBPIOrH. 

Ilo mpeqBapHTeJIbHBIM J.AHHbIM, MOMKHO ObIIO OMKULATL, YTO TAKHM OOBEKTOM 
ABJAIOTCA 3apogzbuuM SCemyru (2°). 

B HacTosmeH paOoTe OblwiH U3y4eHbI y 9STOFO BHa KJIETOUHbIC MOKOJIEHHA 
K HayaJly TacTpyJIAWHH, C OMHOM CTOPOHbI, H JaATeHTHAA BudpepeHuUMpOBKa Ma- 
TepHasa CJIyXOBOro Ny3sbipbKa—c Apyrov. MccseqoBaHua MpOBOAWIHCbh TeEMH Ke 
MeTOJaMH, Kak w pauee (8,°). Ha 3apompmuax 7 napTHh HKpbi Oeryru Oba mpo- 
CJIEXKEHA IPOLOJOKHTEJIbHOCTh NepHosa OT OCeMeHEHHA JO Hauasia racTpyJAWHH, 
KoTOpad Oba BbIpaKeHa, To mpe~womenuio T. A. Jletnad, B OespasmepHbix 
eMHUWaX — 4HCI€ MUTOTHYCCKHX WHKJIOB MepBbIX JeseHHH Wpobenua (T/T) | 
(1) pH Temmepatype, cooTBeTcTBy1omlei cpeqHel TemMmepaType pa3sBUTHA OT OM- 
JIOMOTBOPeHHA flO Havasa FacTpyJAWMH; Kpome Toro, OblvIo NOACUMTAHO YHCJIO 
AJep B WEHTPaJIbHbIX CaTHTTAJIbHBIX Cpe3aX B MOMeHT CaMOrO Hayavla racTpyJia- 
wun (’,%). 

J\ia XapakTepHcTHKH JaTeHTHOM AudpepeHUMPOBKU CJIyXOBOTO Iy3bIpbKa 
C MOCJELOBATeJIbHBIX CTaHH pa3sBUTHA, HaYHHAaA C paHHeli Helipyb (cTaquA 
19) (7°) w KonUaad cTaqMelt O6pasoBaHuA CyXOBOM Makogb (cTaqua 24), 6panu 
MaTepHaJl CJIyXOBOrO Iy3bIpbKa HW IKCHAHTHPOBaJIM eTO B COJIEBOM pacTBOpe 
PoubTppetepa B Mo,uduKanun J[bioKap. Ha paspesax usyyeHo 277 9kcmaHTa- 
TOB, OKpallleHHbIX a3aHOM 10 MeToy Teumenranua. 

PaOota mpopogusacb Ha PoroxkKHHCKOM OCeTpOBOM PbIGOBORHOM 3aBore 
BecHolt 1958—1960 rr. } 

BbVIM MOJYYeHEI LaHHbIe 10 MPOAOMKUTeMbHOCTH MepBEIX LeeHuH Wpobue- 
HUA (T>)) y GeyrH Mpv pasHbIx Temmepatypax. Kak y ocerpa u cesproru (°), 
BP€MA MeXKILy NomBNeHHeM 1-H u 2-H, 2-H u 3-H Gopo3n ApoOeHuA y Oeyru mpH 
OMHOH M TOM xe TemnepaType OJMHAKOBO H paBHo 1/, MepHosa OT oceMeHeHHA 
AO Hayasia YTacTpyiauun. Muqupuyyaipupie pa3siMuua B PuTMe ApoOmeHuA AVL 


B OAHOH HW TOH %Ke NapTHH HKPbl He3HAYHTEJIBHEI H He MpeBbiluaioT 1—3 mMuH. 
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‘OTHOCHTeE/IbHaA MpOLOJMKHTEIbHOCTh Me€pHOLa OT OCeMeHEHHA JO Hayaa racTpy- 
JAWHM (T;/T,) y Oeyru cocTaBuna 22,0—22,3 muToTuyecKHx WHKa (Tabu. 1), 
Tora Kak y oceTpa u CeBpiorn ona paBHa 19,4—20,3 (8). 

TlogcuetT uncia afep B WeHTPaJIbHbIX CarHTTaJIbHbIX Cpe3ax kK HayaJly racr- 
pyaawun (c MompaBKOH Ha OTHOCHTeIbHY10 TONMHHY cpe3sa (*)) Obl MpoBeweH 
y 17 3apogpnuel Genyru (y Kaxgoro 3a- 
posbima Ajlpa MpocuuTHBalU Ha 2 cpe- Ta6nuna 1 
3ax). ConocTapieHHe STHX WaHHbIX Y Uycno murorwueckHx wuKaOB 3a mep Huon 
Oeulyru, OCeTPpa H C€BPIOrH MOKA3bIBaeT, of ocemeneHua JO Havana ractpynsuun y 


4TO Y ONY OTHOCHTEIbHOe YHCIO ALep Oemyru 

Oouble, weM Y oceTpa H ceBpIOTH Ghent! | Pate’) tipacanuateses) ae. 

(Ta61. 2). Takum o6pasom, racTpyisuuA Na [773 82 Ter] MuTOoA| PHoRa Ao racrpyaan 

y OeulyrH Ha4dHHaeTCAH Ha HECKOJIbKO O0- 4™> jocemen. qo} cpegu. B YHCJIe 
° 6 KH Haq, T-pe. B Wac., MHH | MUTOT. 

Jee MOSHE cTaHH ApoOseHHA, 4eM y ratp: # °Ch'n wan, Derren 

BYX Apyrux u3yseHHbIx BuOB (8). Co- 

OTHOWeHHe KJICTOUHBIX NoKoNeHHi y 1 | 12,2 84 | 30%—30°8 | 22,0 

; 2 od 77 287°— 2822 | 22,1 

oceTpa H CeBPIOrH B SOHE CpeAHUX ONTH- . 5 18°0 5A igs a 

’ 
MaJIbHBIX TeMMepaTyp MpofowKaeT OC- 4 | 49'3 83° | 3029—30% | 22°3 


TaBaTbCA CXOJHBIM VW Ha CTauu Hauaia 
Helipyiauuu. B 30He Temnepatyp 16—19°y ocerpa t11/T) KomeOmeTCH B Ipeze- 
aiax 40,7—37,0 u y cesproru 40,2—37,9 (4,1*) *,.,Tlo mpeaqBapuTebHbIM aH- 
HbIM, y O@JIYrH K HavaJly STOW CTAMM YHCIO MATOTHYECKHX ILMKJIOB B TeMMepa- 
TYpHbIx rpaHuyax 10,8—15,1° kone6neTca mexay 44,2—47,3 unksamu. Takum 
o6pa3oM, pa3JIH4HA B KJICTOUHBIX NOKOJICHHAX MEY OCeTPOM HU CeBPIOTOli, C 
OJHOH CTOPOHE!, H Oeslyrow — Cc Apyrou, OOHapyxXeHHble Ha CTAMMH Hayada rac- 
TPYJIAWHH, COXPaHAIOTCA M K HauaJly HelipyAlMH. 
Ta6auua 2 


Uncno syep B WeHTPaJbHBIX Cpesax y 3apojblwelH Ceayru, ocerpa MH ceBpIOrH Ha 
cTayuH Havaa PracTpy Jann 


OrHom. 4HCa azep 
Cpegu. yucno0 agep| Uucso npo- CpaBHHuBaeMbIe c MompaBk, Ha s 
Bug B cpe3e B % C4HT. Cpe3soB BUI OTHOCHT. TOU. te 
ee rm eee A) 8 ee EI ECDSA Oye ae 
| Beayra 
Beanyra 3844-4 ,05 34 Ceppiora 1,65 37,0 
Besryra 
Ocer 300-+0,8 4 | ay ALB SME 19,5 
_ re Pe 
Cespiora 258.40,7 50 | an 1,2 15,0 


* Tloka3atTesb CYULECTBCHHOCTH Pa3HOCTH CpaBHHBaeMbIX CpeAHHX. Pasmu4uA MOCTOBePHE!, ecu t > 3, 


Pe3ysbTaTbI OMbITOB YKCMVAHTaWHH MaTepHasla CJyXOBOrO My3bipbKa C 110 
CJIEMOBATeJIbHBIX CTAIMH PaSBUTHA TIPHBeLeHb! B Ta6.3 **, H3 KOTOPOH BUHO, 
UTO CJIYXOBbIe MYy3bIPbKu y OeslyrH Pa3BMBalOTCA M3 MATepHala, B3ATOTO He 
paHblue vem CO CTaMMM MO3LHeH Helipyubl (ctaqua 22). C 3aBnepuieHuem Helpy- 
JAAWHH YaCTOTa OOpas0BaHHA CJIYXOBbIX MYy3bIPbKOB ObICTpO BO3pacTaeT. OHO- 
BD@€MCHHO HECKOJIbKO YBeJIMYHBaeTCA UX PasMep, HO Ha BCeX CTaMAX OH B Cpel- 
HeM B Ba pa3a MeHbIle pasmepa CJIYXOBbIX IY3bIPbKOB KOHTPOJIbHbIX 3aPOJbI- 
wie Toro %Ke Bospacta. UyscTByomue MATHA B CJIYXOBbIX MY3bIPbKax B HeOOJIb- 
110M IIpOWeHTe cy"aeB HaYMHaIOT MOABJIATBCA yrKe C CaMOrO HayaJa OOpaso- 
B AaHHA CJIYXOBbIX MYy3bIPbKOB B YCJIOBHAX IKCHMAHTaWHu, co cTalun 22. Ha no- 
CAeLYIOUIMX CTaHAX YaCTOTA BOSHHKHOBEHHA CJIYXOBBIX INY3bIPbKOB C YYBCTBYIO- 
[MMH NATHAaMHM yBe/IMUnBaeTCA. 


. “ B 30He HH3KHX TeMMepaTyp aOcOJIOTHbIe 3HaYeHHA XapaKTepHCTHK T)7/T) SOubule, HO 


M Mp sTHX TemilepaTypax y 6eslyru OHH OTHOCHTEJIbHO BbILIe, YEM y OCeTPa; MAHHbIC HYMKMAaloTCHA 
B JlaJIbHeHUIeM YTOUHeHHH. 


** IInd cpaBHeHia B TaGu. 3 BKMIOUeHLI TakxKe paHee Moyyenuble (°) ManHble No Auddepex - 
MM pOBKe CJlyXOBOrO y3bipbKa B YCJIOBHAX SKCIIaHTalHH y OCeTpa H CeBpIOrH. 
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Ilpu 9kcniaHTaluMH MaTepHasa C/lyxOBOrO My8bIpbka CO CTaQMH INMpOKOK 
HepBHOH M1acTHHKH (craqua 20) BMecTe c npHJiexKaljMM K HeEMY 3a4aTKOM Mposo.a- 
roBaTOro MO3ra CJIYXOBbIe Iy3bIpbKu OOpasyrotca B 90% cayuaeB, T. e. axe 
yale, 4eM IPH SKCIIAHTAaHA CJTYXOBOH miaKosb c 24-4 cTaqun (6e3 yaacTKa 
mpoxomropatoro mosra). II]pu skcnanTaluu MaTepHasa CyXOBOrO My3bIpbKa 
c Toli xe, 20-i cTaquUu c NOcTHatolleH ero Me3s0epMoOH, HO 6e3 yuacTKa HepB- 
Hol MWJIaCTHHKW, B Hallux ombitax (36 SKCMWIaHTaTOB) CJYXOBbIe MY3bIPbKH HH 
B OJHOM Culyyae He BOSHHKJIN. 

ConocTaBJieHHe JaHHbIxX Ilo CTeneHH LudPpepeHUMPOBKH MaTepHaJla CLYXOBO- 
rO Ny3bIpbKa B YCJIOBHAX SKCMMAaHTaWMN y OevyrH C pesyJIbTaTaMH, NOJIYYeHHI- 
Mu paHee (°) WI oceTpa Hu ceBpioru (TAO. 3), MOKasbIBaeT, 4YTO y BCex 3 BUROB 
MaTepHasI CJIYXOBOTO IY3bIPbKa MpHOOperTaeT CHOCOOHOCTh K OOPasOBaHHlo CJy- 
XOBOFO Ily3bIpbKa B YCJIOBHAX SKCIMAaHTaWM TOJbKO HagHHaA Co cTaqMu No3sy- 
Heli HeHpyJIbI, KOra OH MPHXOQUT B KOHTAKT C MaTepHaJIOM MIpoOkOIroBaToro 
Mo3ra; B JlabHeimlem 9Ta clocoOHOCTb y Bcex 3 BYOB HapactaeT (Ta. 3). 


Wa O apa ae 3 


Jlanupie mo creneuu quddbepeHuUMpPOBKH MaTepHasla CAyXOBOrO Ny3bIpbKa B YCJIOBHAX 
9KelaHTaluu y OenyrH, ocerpa uw ceBpioru 


Besyra Ocetp Cespiora 
o6pa3os. o6pa3os. : o6pa3os. 
caqyx. ny- | cayx. ny- x calyx. y- 
3bIPbKOB 3bIDbKOB § 3bIPbKOB 
Craquu » iE | as 4 SS 5 D 
Gaco saan “2 BT. §.| ¥ e BT. 4. > ‘B/O % BT. 4. = tB/C 
3 9 ayBere. “ pzlO. ayers aS “yg : 
>| Oss] naTH. S/o) naATH. me|OsS| mars. 
sElam| B% Bela m| B% =sElmm} B% 
18 —|—| — — |49} OJ — — = 39h 0 | as | — — 
19 39; O|; — | 56! 0}; — -- a=) byl) Oye — — 
20 38} O}; — — .34) O| — == = avi @) <= — — 
a4 36} 0; — — {40} O0| — — | — {34} 0} — — oe 
ye, 35 | 34 8 !0,48/ 62 | 22 7 OLE Up edgis) = |ltey || AAS Sam OP Ooll BORO 
Da 29|76! 44 OF DOW ASAT al Oey ah 85) | AEA) AG TAL Nae, 7 
24 30/80} 46 |0,51 | 36] 64 64 Oni || 8)a19)5) | PE (GyA || (0) OR ATO Wis: 
20 + HepBH. | | 
lvlaCTHHKa 34 90)|9 O38i Ooo 42no Oma Ono 8,85} 25/84] 81 |0,80| 3,7 
20 -++ me3o- 
TepM. mop- 
cTHIKa 36] 0 = —— 139150 = — — |33] 0 — —|— 


IiIpumMe4uaHue. D, —cpefuee sHaveHue Gompuilero QuamMeTpa oOpas30BaBIIuxca B SKCIWaNTaTe 
CAYXOBbIX MYSHIPbKOB B MHKPOHax; D, —cpeynee 3HaveHue OoMbUlero AHAMeTPa CJTYXOBLIX MY3bIPbKOB 


y KOHTPOJIBHBIX 3apoypmeh B MHKPOHax; t — KPUTePHli MOCTOBePHOCTH Pa3sJHYHH MPOWeHTHOTO Bbipa Ke- 


mea YacTOTh! OO6pas0BaHHA CYXOBbIX MyYy3bIPbKOB B 9KCMMaHTatTe y 3 BHROB; B — 6emyra, O — oceTp, 
— ceppiwra 


CooTBeTCTBeHHO Y HHX OOHaApyKeHO HHAyUMpyromjee WeHCTBue 3ayaTKa Mpofod- 
roBaToro Mo3ra HM He OTMeYeHO HHAyUMpyiomero WeHcTBUA Me3OepMaJIbHOHK 
NOACTHIKH Ha MaTepHas CIyXOBOrO Ty3bIpbKa B YCJOBHAX SKCIVIAHTALHH. 
OgHako Hapsyy C yepTaMH CXO{CTBa OOHAPyXKeHbI WM Pa3sHYHA: U3 MaTepHaJa 
CJIYXOBOTO NY3bIPbKa, B3ATOrO Ha OJHHAKOBbIX CTAMAX PaSBUTHA, y Oewyru 
CJIYXOBbI€ NY3bIPbKH OOpasyioTcA B OdJIbIIeM MpowWeHTe cylysaeB, 4eM y oceTpa 
M C€BPIOrH. OTH pasJIM4HA HMeIOTCA Ha BCeX HSYYCHHBIX CTAMAX, HAYMHAA C Ca- 
MOH paHHeli, IpHueM pa3IM4uNA CTATHCTHYeECKH JOCTOBePHbI, Tak Kak ¢-KpHTepui 
(13) Bo Bcex cayyaax Gombe 2,7 (Tam. 3). 

TlockoulbkKy 10 Mepe yCHJIeHHA JaTeHTHOM AudpepeHUMPOBKH yBeJIMYNBAeTCA 
yacToTa O6pa30BaHHA 3a4aTKa, TO MOXKHO CUHTATH, TO y Celyru NaTeHTHAA WU- 
(pepeHIMpOBKa MaTepHada CJIYXOBOrO NY3bIpbKa Ha OMMHAKOBbIX CTAHAX pa3- 
BHTHA BbIPaKeHa HECKOJIbKO CHJIbHee, 4YeM y OCeTpa H CeBplorn. OHaKo M10 Co- 
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BePINeHCTBy fAUddepeHIMPOBKH CJIYXOBbIX ITY3bIPbKOB (OOpa30BaHHIO 4YyBCTBY- 
ION[MX MATCH) STH BHbI He pasMyaIOTCA Mex Ly coboH. IpoueuT cmyxoBbix ny- 
3bIPbKOB C UYBCTBYIOWIMMH NATHAMH Y 3 BUOB Ha 22—23-Hi cTayuAx CXOJeH, a Ha 
24-H y Oelyrv OH Jake HeMHOrO HMxKe. Tak KaK M3BeCTHO, 4TO Ha XapaKTep U 
NOJMHOTY AuppepeHUHPOBKH BJIMAeT OObeM 3auaTKa (147), OBIIH H3MePeHbI OOVIb- 
wie J[MaMeTPbI CJIYXOBbIX IY3bIPbKOB B 9KCIIaHTaTaX HW Y KOHTPOJIbHbIX 3apo- 
ApllueH TOrO »%e Bospacta y Bcex Tpex BuOB. B Ta6a. 3 NpHBeeHbI OTHOCUTEIb- 
Hble Pa3MePbI CJIYXOBbIX My3bIpbKoB (D./D,,) Ha NOCJIeAOBATeJIbHbIX CTAHAX pas- 
BUTHA: y OeyrH OHH Ha BCeX CTAJMAX 3HA4HTeCJIbHO MeHbIle, 4eM y OCeTPAa H 
ceBpiorn (Tabs. 3). 

Takum 06pa3som, IPH OTHOCHTEJIbHO MCHbLIMX PasMepax CJIYXOBOTO NYy3bIpb- 
Ka y Oeulyru ero udbepeHuupoOBKa MpOHCXOAHT Tak *%Ke, KaK Y OceTpa u CeBpIO- 
TH, Y KOTOPHIX Ppa3MePbI 3a4aTKa OTHOCHTeIbHO OOIbUIe. DTOT cbakT culelyer, 
T10-BHJ,MMOMY, PaCCMaTPHBaTb TakKKe KaK CBHJlETEIbCTBO Ooslee CTOHKOH ANd- 
cbepeHIUMPOBKH MaTepHasa CIYXOBOPO Ily3bIpbKa y OeJyrH MO CpaBHeHHIO0 C oceT- 
pom H ceBproroH. Uem o6ycJloBJIeHbI OTHOCHTEJIbHO MCHbIIHe Pa3MepbI CJ1YXOBbIX 
MY3bIPbKOB y Oelyrn, ene He ACHO. 

M3 mpopeyeHHoro CpaBHeHHA BbITeKAaeT, FTO B IIpekelax PpyMMbl OCeTPOBbIX 
y BUJOB, Y KOTOPHIX IIpakTHYeCKH He ObIIO OOHAPYXeHO PasJIHUHH B KJIETOUHBIX 
TIOKOJIGHHAX Ha OMMHAKOBHIX CTAMAX PasBUTHA (OCeTP HM CeBplora), COOTBETCT- 
BeHHO YpOBeHb JaTeHTHOH AudpepeHuHpoBKU CJIYXOBOTO Ily3bIPbKa TOKE CXO- 
JH; B TO Ke Bpema y OeJlyru, y KOTOPOM racTpyJIAlwua HacTymaeT Ha HeMHOFO 
Oovee MO3HeH CTalHu [poOueHuA, 4eM y OCeTpa HM CeBPIOrH, WaTeHTHaA WUudp- 
(pepeHUMpoBkKa MaTepHawla CJIYXOBOTO Ily3bIPbKa Ha COOTBETCTBYIOMNINX CTALHAX 
BbIPa%KeHa HECKOJIbKO CHJIbHEE. 

CieqoBaTeIbHO, KOPpeJIAWHA MeKLy yPOBHeEM JWaTeHTHOK AudcdepeHUHpos- 
KH UH COOTHOWECHHEM KJIETOUHBIX MOKOJICHHH Ha OMMHAKOBbIX CTAHUAX Pa3BHTHA, 
OOHapyKeHHad NepBOHAYAaJIbHO Ha am*HOUAX, MMEECT MECTO H Y TpescTaBuTevieh 
C€MeHCTBA OCETPOBBIX. 


Muctutyt mopdosioruu *KuBOTHBIX uM. A. H. Cepeprosa Tloctynusio 
Akazemunu Hayk CCCP 10 II 1961 
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ITAPA3HTOJOLHA 


H. A. KOCAPEBA~ 


O HAPYHWIEHHH YPJIEBOQHOrO OBMEHA KAPHOBbIX PbIb 
NPH WHBA3SHAX JIMTYJIESOM HW PIMPFPAMMO30M 


(ITpedcmaéaeno axademuxom K. H. Cxps6unoim 15 III 1961) 


Bompoc o jiurysese H JurpamMMose MpHodperaeT HbIHe OCO6ce 3HaueHHe, Tak 
KaK 3TH HHBA3HH ABJIAIOTCA HavOoulee WIMPOKO pacipocTpaHeHHbIMH yY KapMmOBbIx 
pbi6 BoJoxpaHuun. HasBanHble TeJIbMMHTOSbI BbISbIBAIOT THOCIb KApMOBbIX Hi 
HaHOCAT GOO/IbIMOH yuepO xo3aticTBy (7,*,°). 

Pa6otamu psa aptopos (°,1”,*,7,°) ycTaHOBIeHO OTpHlaTeIbHoe BJHAHHE 
nuepomuepkongzos Ligula intestinalis (L.), Digramma interrupta (Rud.) Ha kap- 
THHY KPOBH, YIIMTAHHOCTb HM POCT, CosepxKaHHe KPa UH BOCNPOHSBOLUTEbHYIO 
CHCTeMY KapMOBbIX PbIO. 

YrseBOTHEIN OOMeH pPbIO, HHBASHPOBAHHHIX PCMHEMaMH, AO CHX Top He u3y- 
yasicd. BaxkHOCTb Ke OMOXHMUUYECKOLO MOLxXofa K aHaU3Sy OONeE3HEHHBIX ABUJIE- 
HHH IPH TeJIbMMHTO3AX BHOBb HefaBHO Oblia moqyepKuyta K. MW. Cxps6uyupim 
(1°). CpemeHua o6 yraieBOMHOM OOMeHe JIMrya cofepxaTca B padoTax 
I. C. Mapxosa (°,°). 

M3yuenne Borpoca 06 H3MeHEHHH COsepKaHHA TMKOreHa y pblO packpbIBaeT 
elle OJHY CTOPOHY MaToreHesa pH STOM FeJIbMHHTO3e, NOCKOJIbKY PvIMKOreH — 
OJMH H3 OCHOBHBIX SHEPreTHYeCKHX HCTOUHHKOB, HEOOXOAMMBEIN JIA HOPMAJIbHBEIX 
TIPOWECCOB KU3HEAEATEJIbHOCTH KHBOTHBIX. 

Mpi 1poaHasIv3HpoBaJH CosepxKanue riHKoreHa B neveHH (yrvieBO,HOM Jeno) 
3apaKEHHbIX MH 3N0POBbIX PbIO: MOTBHI — Rutilus rutilus (L.), meme — Abra- 
mis brama (L.), rycteppr — Blicca bjoerkna (L). Matepuan co6upaaca B 1956— 
1958 rr. B BoxoxpaHHaMmax Bowro-JloHckoro cyOxoqHoro KaHaJla HMeHH 
B. HW. Jlenuua. Jia ananusa ucnob30Balach HHBA3HPOBaHHad peMHeLaMu Hi 
3R0poBaad pblOa OMHOFO BOSpacTa U3 OAHOTO HU Toro xe ywoBa. IIpu cpaBHenun 
YUNTHIBAJIHCbh BP€CMA HU MeCTO B3ATHA pod. KycoukW MeyeHH KUBO PbIObI Ha 
MecTe yJIOBa (HKCHPOBaIHCh adcosIOTHbIM cnupTom. Ilepeq aHamHusom mpoOsi 
BbICYIIMBaIHCb JO MOCTOAHHOTO Beca, JIA NOyYeHuA JocTaTOUHOH HaBeCKH Oj- 
HOPOJHbIe IpoObl yacTo OOBeAMHAMHCh. Takum o6pa3som, lo MaTepHasiam oT 54. 
ppiO chemaHo 20 ananusos. Ilocme rufpomM3a rioKO3a ONpesesisacb METOLOM 
KalleJIbHOrO aHadu3a (1). IIpH mepecueTe roKO3bI B TvIHMKOTeH MpHMeHsAJICHA 
KosmpunnentT 0,91. 

IIpexme Bcero MbI YCTaHOBHJIM YpOBeHb TvIMKOreHa MeyeHH y 30POBbIX JIe- 
Wel H MJIOTBbI (HCCIeEOBaHO 22 pHIObI, CleaHo 6 aHaIH30B). Y pOBeHb riukKoreHa 
neueHH KaplOBbIX PbIO 3ABHCHT, KaK OKA3aJIOCb, OT CC30HHEIX KOPMOBbIX H3Me- 
HeHuH. Tak, Mbl BIpaBe CpaBHHTb meme BepxHero meca [|umsaHcKOrO BOO- 
xpanusanuya (IleckopaTKa) c TakoBbrmMu Kapmosckoro BooxpaHHsMula, KOTO- 
poe yepes MocpescTBO TpHHAaAWaTOrO W1103a coeqHHAeTCA c Luma HCKHM MOpeM. 
B neuenu sielia 3amacbi rIMKOreHa ONpeeAOTCA OCeHbIO (OKTAOph) 10,78 mr-%, 
BecHolt (mali) 5,61 mr-%. OceHbIO MbI HMeuH Jeo C YHUTaHHOH pHlOoli (cpeqHuit. 
Bec 475 r), BeCHOH xe — C PHIGOH, KOTOpan euye He MpHCTyNada K WeTHe-OCeH- 
HeMy Harysly (cpeqHHi Bec 268,3 r). SameTuM, 4YTO CPeMHAA WIMHa OCeHHUX 4. 
BeCCHHHX PbIO Oblwia OMMHAKOBOK: 22,6—22,2 cm. 

@MakTOpoM, BJIHAIONIUM Ha HOPMaJIbHoe cofepxKaHHe TIMKOTeHa B TeueHH,, 
ABJIA€TCA TAKKEe BULOBAA CneuudpuKa pHiO. Y oceHHeH NIOTBbI 43 BapBapoBckKoroy 
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BOJOXpaHHJMua (HHA Tea 20 cm, Bec 202,5 rr) ruiukoreHa Opniio 9,06 mr-%, 
y oceHHUXx seme 10,78 mr-%. 

Sanacbl rIMKOreHa 3aBHCAT TakKxKe OT BOspacta PbO. B bepecapcKom Bojo- 
XPaHHJIMWe MIMKOFeH B TeyeHH Jee CpeHero MpOMBICJIOBOrO pasmepa (AuHAa 
Tema 22,3 cm Bec 215 r) coctapasert 10,78 mr-%.B BepxHem ntece I[umsaaHcKoro 
mops (IleckoBaTKa) B meyeHH Jee TaKOTO xe pasmepa (AMHa Tea 22,6 cm, 
pec 237,5 r) ruimkorena Optio 10,84 mr-%. M3 BapsaposcKoro Boloxpannsnula 


ai a2 : : 08 OY QOS % 


Puc. 1. XpomatorpamMbl, OTparKalolve Cojep2KaHHe IOKOS3bI B pa3sHbIX Mpo6ax H3 MeveHH Jewel. 
A — CTaHwapTHad wikaa, 5 —npo6a uz 3sgopopol, B— npo6a 43 HHBasHpOBaHHOH pbiObt 


Mbl HM@JIM MATepHaJ JIMIIb OT M@JIKHX MOJIOLbIX JIeweH (41MHa Tena 14 cM, Bec 
76 r); riuKOreHa B NeYeHH 3TUX PbIO ObIIO OUCH MAJIO, YTO, 10 HallieMy MHEHHIO, 
ABJIACTCA CJIECTBHEM H MCHbIIMX pasMepoB Jellel, H XYUIMX KOPMOBBIX yCJIO- 
BHH BapBaposckoro BogsoxpaHnnma. Pasiuuni B cCcosepxkaHHH rvinKoreHa 
B CaMI[aX H CaMKax PbIO MbI He 3aMeTHJIN. 

Takum 00pa30M, yYpOBeHb TvIMKOreHa MeyeHH 3A0POBbIX PbIO 3aBUCHT OT eHH- 
CTBa OpraHH3Ma H yC/IOBHH ero KU3HU. Kowle6aHuA B 3ABHCHMOCTH OT pa3JIHUHbIX 
ycJIOBH He mpeBbuuaroT 100% oT ero HaHOobUIero ypoBHA. 

BecbMa BaxKHbIM (aKTOPOM, OOYCJIOBJIMBaIOItHM CHWKeHHe IvIMKOreHa 
y pbiO, oka3bIBaeTCA apa3sHTHpoBaHHe y HHX pemHenoB. M3 Ta6n. 1 u puc. | 
BHAHO, 4TO B PasJIHYHBIX BOLOXPAHUJIMULAaX KaK BeECHOM, TaK HM OCeHbIO y JeleH 
H WIOTBbI COfepxKaHve TIHKOTeHa B NeYeHH HHBASHPOBAHHbIX PeCMHEellaMH XO- 
3eB B 2,8—3,7 pa3a(B cpeqHeM B 2,2 pa3a) MeHbIIe, YM B MeYeHH 3OPOBbIxX 
ppi0. Ham yyasocb co6paTb B OAHOM YJIOBe MaTepHa JIMIIb 10 HHBA3HpOBaHHOH 
oceHHel ryctepe Kapnosckoro BoloxpaHuauma. Tpo6pn B3aTbt oT 4 pid, Ha- 
BecKa Cyxoro BemjecTBa neyeHu 370 mr, cofepxaHue raiukoreHa 5,09 mr-%. 

OxHOM 43 MPH4HH yKa3aHHOTO NaTOMOFHyecKOTO AeHCTBUA PCEMHELOB ABJIAeT- 

(ea TO, 4TO MHILy STHX TeEbMHHTOB B 3HAYHTeIbHOH Mepe COCTABJIAeT TIOKO3a 
Tela XO3AHUHa, IPHYeM ypoBeHb 3anacos rauKorena (33,7% cyxoro Beca (°)) BO 
-MHOYPO pa3 IIpeBblluaeT TAKOBOH B MeyeHH pbiO. []omHOro HCUeSHOBEHUA IMKOTeHa 
y XO3H€B He IIPOHCXOMHT: yObiIb ETO, Kak U3BecTHO (1), cTHMysIMpyeT OHOCHHTES. 
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Mor comocTaBHJIH TakxKe pa3Mepbl PEMHEILOB H 3allacbl PIMKOreHa B MeYeHH 
HHBa3HPOBaHHbIx pbIO. Tak, IPH AWHHe peMHeloB B 24 cm H Bece 7,2 r riMKore- 
Ha B neueHH Jlemen Opwio 3,42 mr-%, pH Hapa3sHTHpoBaHuu Oovlee KpyMHbix 


Ta6Oauna 1 


Samacbl riuKoreHa B MeyeHH 3MOPOBbLIX H HHBA3HPOBAHHbIX KapMOBbIxX pH6 


: Tlata cOopa C P UYucno pu6| Hapecka } ryyxoren, 
BogzoxpaHuaunye Matepuasta OCTOAHHE PbI B mpobe | CYX- Beul. Mr-% 
neyeHu, Mr 


; Jlemu 

BepecaapeKxoe A958 Te SOpoBple 2 529 10,78 
MuBasupos. 3 380 2,87 

Kapnoscxkoe 5—11 V SOpoBnle 6 772 5,64 
1956 r. VMnpa3upos. 3 235 1,98 

[luMasHcKoe 23 1 95 Sine S3OpoBble 2 450 10,84 
Mupa3npos. 5 650 7,20 

Utoro 30poBbie 9,06 
MHBa3Hpos. . 3,98 

IlnotTBa 

BapBaposBckoe i X 1958 r. 3 0poBpEIe 2 320 9,06 
| Mnpa3supos. | 4 45 Creqnt 


reJIbMHHTOB (76,8 cm u 18,1 r) raukKoreHa OKa3aocb Gombe: 7,2 mr-%. STH 
JaHHbIe CBHJETEIbCTBYIOT JIMLIb O TOM, UTO Pa3MEPbI PEMHELMOB He BCera BIMAIOT 
Ha 3amacbl rIHKOreHa B MeyeHH xo3aeB. Hapyiienue pemHellamMu yrvieBoqHoro 
OOMeHa PbIO TIaBHBIM OOPa30M JOJIXKHO 3aBHCeTb OT TOKCHYECKOTO BOSeCHCTBHA 
reJIbMHHTOB. 

BecbMa HHTepecHO MOAYEPKHYTh, YTO H Y HHBAa3SMPOBAaHHbIX PeCMHEIaMH PBIO 
YPOBeHb PIMKOreHa 34BHCHT OT ce30Ha. Tak, y BeECeHHHX JemjeH 43 KapnosceKore 
BOMOXPaHHJuia (cpeqHaAA WiMHa 17 cm, cpeqHHi Bec 156 r) rmuKoreHa cojep- 
x*Kasiocb 1,98 mr-%,y oceHHHX xe Jeet u3 L[uMiAHCKOTO BOLOXpaHHIMMa 
(cpequas Qua 21,5 cm, cpeqHuit Bec 208 r) rauKoreHa O6HapyxeHo 7,2 mr-%. 
BuuMo, KaK 1B CJlyyae CO 3OPOBbIMH JIeWLaMu, Ha BeECeHHeEH pblOe CKa3bIBaeTCA 
3HMOBKa M ele Cula6oe MuTaHHe pbi6 B Mae. OceHHaA xe pbIOa, MOCe JleTHeH 
XKHPOBKH, Oovlee yiuTaHa. 

CyMMHpyA Hall uCccJIelOBaHUA MO 3anacam x#Kupa (*) M rIMKOTeHa y Kaptlo 
BbIX PbIO, MbI OTMe€UaeM PeC3KOe H3MEHEHHE KOJIMYECTBEHHBIX NOKasaTesieH XHMH- 
yeckOro COcTaBa Ne€YeHH HHBASHPOBaHHbIX PEMHeWaMH Xo3seB. Y 3,OPOBbIxX OCeH- 
HHX Jlemeli %Up cocTaBaneT 62% cyxoro Beca meyeHH, rauKoreH 9,12 mr-%; 
yY HHBa3HpoBaHHbIx pbIO 36% u 3,43 mr-% COOTBeETCTBEHHO. 


CrainurpagcKHi rocyapcTBeHHbIH meqarorHyueckHit Tlocrynuuio 
HHCTHTyT uM. A. C. Cepadumospnua 14 III 1961 
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